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INTRODUCTION. 
BLATES XXXI-XL. 
In  the  course  of  a  series  of  experiments  upon  cerebral  com- 
pression,  it  was  observed  that  respiration  of  the  periodic type 
was  not  infrequent.  Such  periodic respiration  may  consist  of 
smaller or larger groups of equal respirations,  of respirations  of 
gradually  decreasing  or  gradually  increasing  magnitude,  or 
finally of respirations  of the Cheyne-Stokes type in which each 
group presents  an  ascending  followed by  a  descending  phase. 
The  experimental  and  clinical  basis  of  the  following  paper 
consists in a number of experiments in which periodic respiration 
was produced by cerebral  compression, experiments with  brain 
anaemia  consequent upon  ligation  of  the  cerebral  arteries,  two 
clinical cases of Cheyne-Stokes respiration occurring in connection 
with increased intracranial  tension,  and  eight cases  of Cheyne- 
Stokes respiration occurring in other conditions.  Only the results 
of  clinical  observation  of  the  series  of  cases  of  Cheyne-Stokes 
respiration occurring in conditions other than  that of increased 
intraeranial tension  will be given in this  paper.  The author is 
engaged upon a  special investigation of such cases, and the results 
of  experimental  work  already  performed  and  future  work  will 
be reported  subsequently. 
HISTORICAL. 
It is not the purpose in this paper to give a  general review of 
the literature of  increased  intraeranial  tension,  except in  so far 
as  it  bears directly upon periodic respiration  in this  condition. 
The  extensive  literature  of  Cheyne-Stokes  respiration  will  be 
reviewed in a  later paper. 
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There  have  been  two  distinct  methods  employed  for  the  purpose 
of increasing  the tension  upon  the brain  substance.  The  first 
of these  is known  as  "local  compression,"  and  consists  in in- 
troducing  a  foreign  body  within  the  closed  skull, by  means  of 
which  a  certain  portion  of  the  brain  undergoes  compression. 
The  most  convenient  apparatus  for this method,  and  the  one 
that  has  been  most  frequently  employed,  is an  elastic bag  of 
thin  rubber  membrane  which  is  connected  with  the  end  of a 
brass canula and introduced  into a trephine opening  in the skull, 
or through  the lamina  of one of the vertebrae.  It is then filled 
with mercury  under  pressure,  and any desired compression  may 
be obtained and the amount  be more or less accurately estimated. 
This  method  was  first employed  by  Francois-Frank,  and  after- 
wards adopted by Horseley and Spencer, Hill,Cushing, and others. 
In the hands  of  all observers,  such  local compression  has been 
followed by a variety of effects depending  upon the locality of the 
brain upon which the compression  was made.  It has been shown 
by Hill,  I Horseley  and Spencer, 2 and others, that the brain does 
not  transmit  local  pressure  equally  in  all directions,  and  the 
effects  observed  have  depended  in  a  large  degree  upon  the 
proximity of such compression to the medullary centres, or upon 
the position of the compression in so far as it may indirectly cause 
compression  of  these  centres,  as  for  example  by  forcing  the 
medulla into the foramen magnum.  This difference in effect is 
observed also, as Cushing a has pointed out, in local pathological 
processes  observed  clinically. 
The other method for the experimentM production of cerebral 
compression is  known as "general compression."  It consists in 
running into  the  closed  cranio-vertebrM  canal  fluid,  consisting 
of  defibrinated  blood,  Ringer's  solution,  water, or  an  isotonic 
solution  of  soditml  chloride.  This  method  has  been  variously 
employed; some observers have injected the fluid over the cortex 
and others through the lower end of the spinal canal while others 
again after trephining the  lamina of one  of the vertebrae have 
i The Physiology and Pathology of the  Cerebral  Circulation,  London,  1896. 
Proc.  Roy.  Soc.,  i894, lv,  52. 
2 Trans.  Royal Soc., London,  :892. 
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introduced the fluid directly over the medulla or some portion 
of the spinal cord.  Naunyn and  Schrieber,  4 in  their extensive 
experiments upon  this  form of  compression,  distinguished two 
methods, in one the compressing fluid being allowed to enter the 
space between the  skull and dura  (" extrapial compression "), or 
in the other, the subarachnoid space  (" intrapial compression"). 
They observed no difference in results by these two methods. 
The earlier authors  observed,  as the  result  of an  increase in 
intracranial  tension,  certain  characteristic  symptoms,  such  as 
slow  pulse,  spasms  of the Kussmaul-Tenner type,  and  various 
respiratory changes,  s  By the majority of these authors it was 
stated that to produce death it was necessary to raise the tension 
to a point equal to carotid pressure, and the effects observed were 
referred in the greater number of instances to cerebral anmmia. 
Naunyn and  Schrieber 6 in  the course of a  large number of ex- 
periments, with compression, in which the tension was increased 
by the general method, observed that in some cases there resulted 
from the increase in intracranial tension a  rise of arterial blood 
pressure,  which in  a  few experiments reached  ~8o  mm.  Hg.  or 
even more; death resulted in all instances when the compression 
was continued.  They observed that the blood pressure frequently 
took the  form of waves.  They noted  that  the  respirations,  if 
these  were  abolished  upon  raising  the  intracranial  pressure, 
usually  recurred  at  the  crest  of  the subsequent blood pressure 
wave.  Lowering the intracranial pressure at any time was fol- 
lowed by a  fall in blood pressure. 
Horseley  and  Spencer  employed  the  local  method  of  com- 
pression.  They  analyzed  minutely  the  results  of  compression 
over different portions  of the  brain  and  cord.  They observed 
the dependence of the respiration upon the blood pressure, and 
found that a  rise of blood pressure often caused renewed respir- 
atory activity after respiration had ceased for some time. 
Hill  produced  compression  by  both  the  local  and  general 
methods.  He  agrees  with  other  observers  in  the  conclusion 
4Arch.  f. exper.  Path. u. Phar.,  i88~, xiv,  i. 
5For a  resum6 of the older history of cerebral compression,  see Hill,  loc.  cir. 
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that  when the  pressure is  gradually raised,  fatal symptoms do 
not  occur  until  the  pressure  of  the  introduced fluid is  almost 
equal  to  the  arterial  blood  pressure.  He  concludes  that  the 
symptoms which are observed are entirely due to cerebral ansemia, 
and that the pressure per se has no effect in exciting the bulbar 
centres.  He divides these symptoms into two kinds, excitatory 
and paralytic.  When the vagi were cut or paralyzed, or when 
the cardio-inhibitory centre was "tired out" by several successive 
elevations of intracranial pressure,  enormous increase of blood 
pressure  was  the  first  result.  These  striking  "excitatory" 
symptoms he  believed are  never  caused  by  pathological  pro- 
cesses occurring clinically, because compression is too low at the 
onset.  In the "paralytic" stage, Traube-Hering waves of blood 
pressure and Cheyne-Stokes respirations were frequent, especially 
in  the  period of recovery after the compressing agent had been 
removed.  He observed that respirations accompanied the rising 
limb of the waves of blood pressure and the apnceic periods were 
associated with the fall of blood pressure.  In one clinical case, 
the nature of which he does not state, he showed by means of the 
plethysmograph that  there was  dilatation of the vessesl of the 
arm during the apnceas, and constriction during the dyspnceas. 
Cushing,  7 in  a  series  of  experiments in which the amount of 
intracranial pressure was  recorded coincidently with  the blood 
pressure,  was  the  first  to  clearly associate  the  blood  pressure 
changes with  the  degree of intracranial tension.  He  was  able 
to show in a very striking way that the arterial blood pressure is 
related to  the  intracranial pressure as a compensatory process. 
When  intracranial  pressure  exceeded the  blood pressure, a rise 
of  the  latter  occurred, and this  tended to  remain  slightly but 
constantly above the line of intracranial tension; the result of 
such a  rise of blood pressure was obviously a  protection against 
bulbar  amemia.  So  long  as  this relation  was maintained,  dis- 
turbances  of  pulse  and  of  respiration  and  cerebral  symptoms 
were in great part absent, and death was not imminent until the 
blood  pressure  was  no  longer  held  above  the  pressure  of  the 
7See  also  "The  Mutter  Lecture,"  American Journal of the Medical Sciences, 
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compressing fluid.  He  showed that this  rise  of blood pressure 
did not occur after  section of the spinal  cord above the  origin 
of the splanchnics, nor after cocainization of the medulla, and by 
direct observation of the splanchnic vessels, he was able to  see 
that  with  the  rise  in  blood  pressure  these  vessels  underwent 
constriction.  Employing a  cerebral window placed in a trephine 
hole in  the skull,  he observed that the circulation of the blood 
in  the  capillaries  of  the  cortex  varied  in  accordance  with  the 
relations  existing  between  the  blood  pressure  and  the  intra- 
cranial pressure.  When intracranial  pressure was greater than 
the blood pressure, the capillaries were blanched, and the rise of 
blood pressure above the intracranial pressure line was coincident 
with a renewal of the blood supply to these vessels.  He observed 
the  frequent occurrence  of  Traube-Hering  waves  during  such 
experiments,  and found that  the  respirations  accompanied the 
rising limb  of  these  waves  and  disappeared  with  falling blood 
pressure; in this way respiration of the periodic type may occur. 
By a number of clinical observations s he demonstrated the blood 
pressure  reaction  in  states  of  increased  intracranial  pressure, 
and in Cheyne-Stokes respiration occurring in two of these cases, 
was  able  to  determine by  means  of the  Riva-Rocci  sphygmo- 
manometer that the occurrence of respiratory  activity was  co- 
incident with a  rise of blood pressure, the apnceic periods  with 
a  fall. 
METHODS. 
In  order  to  produce  cerebral  compression  experimentally  I 
have employed, except in a  few cases,  the general method, and 
have  recorded  the  intracranial  pressure  coincidently with  the 
blood pressure by the method suggested by Cushing.  A trephine 
opening was made over some portion of the skull or through the 
axis, the dura carefully excised to the full extent of the opening, 
and  into  the  opening in  the  bone  was  screwed  an  accurately 
fitting brass canula which cut its own thread as it entered.  The 
canula was connected by means of lead tubing of small bore with 
s The Blood Pressure Reaction of Acute Cerebral  Compression, illustrated by 
Cases of Intracranial Hmmorrhage, American Jour.  o~ the  Med. Sciences,  19o3, 
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a  T-piece.  One arm of the T  passed to a  mercury manometer, 
the other arm was connected with a  pressure bulb  by means of 
which  the  pressure in  the  system could be  increased,  and  the 
increase measured by the manometer.  Between the brass  canula 
and the T, a part of the lead tubing was coiled and lay in a beaker 
of water which was warmed to body temperature.  A  mercury 
pressure apparatus was interculated in the system for producing 
very high  pressure.  The  apparatus  is  shown  in  the  diagram. 
After the screw clamp "a"  is closed, the pressure in  the system 
may be increased by raising the pressure bulb.  By closing the 
screw clamp  "b"  and  opening  "a,"  mercury pressure may be 
employed. 
The  blood  pressure  in  the  carotid  or  femoral  was  recorded 
by  means  of  another  manometer,  the  pen  of  which  wrote  as 
nearly as possible in the vertical line of that recording intracranial 
pressure.  The zero pressure of each system was first determined, 
and  the  manometers  so  arranged  that  the  zero  of  each  was 
represented by the same base line.  Hence when the two mano- 
meters were recording at the same height, each system was under 
the same pressure.  It is  only by this  means that an  accurate 
comparison can be obtained between the changes of intracranial 
pressure  and  of  blood  pressure.  The  animals  employed were 
dogs.  Observation of the cortex was made directly by means of 
an  accurately  fitting  glass  window,  screwed  into  a  trephine 
opening in the skull over some portion of the cortex under which 
the dura had been excised.  It is important that the dura under 
the trephine opening through which the compressing fluid enters 
should be carefully excised, in order to insure that the fluid enters 
the subaractmoid space and thus has free access to all parts  of 
the brain.  If only a  slit be made, the first  result  of  the com- 
pression may be  to  close this  opening like a  valve; the fluid is 
then prevented from entering and is confined to the area between 
the skull and the dura. 
In  the  cases of Cheyne-Stokes respiration  occurring in  man, 
continuous records of blood pressure and pulse rate showing their 
relation to the respiratory changes were obtained.  The blood pres- 
sure records were obtained by means of the sphygmomanometer ~2 
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devised by Erlanger,  9 and the method employed was as follows: 
The systolic and diastolic pressures in the brachial artery were 
first accurately obtained and an average of the two made.  The 
instrument was now set at  this  point  and a  continuous record 
of the pulse taken.  With this instrument the size of the pulsa- 
tions of the recording pen is greatest when the pressure exerted 
by the  instrument is  equal  to  the  diastolic  pressure,  and  pro- 
gressively decreases as the pressure in the cuff is increased above 
this  point.  Now if the instrument is  set  so  that  the  pressure 
exerted upon the arm is half way between systolic and diastolic 
pressure, a rise or a fall of the blood pressure will  affect the  size 
of  the  pulsations.  A  rise  of  blood  pressure,  by  bringing  the 
diastolic pressure nearer the point at which the instrument is set, 
increases the size of the pulsations,  while a  fall  of pressure by 
making the diastolic pressure more distant from this point,  has 
the opposite  effect.  If  the blood  pressure remains constant,  a 
slowing of the pulse rate also  tends to  increase the size  of the 
pulsations.  The  slowing  of  pulse  rate  that  occurred in  these 
cases was always associated with a fall of blood pressure, so that 
the fall of pressure  shown  by the pulse record was  probably 
greater than the instrument indicated.  So also a more rapid 
pulse was associated with the elevations of blood pressure, and 
hence  such rises  were  probably greater  than  they appear  on 
the records as the  result of the mere increase in size  of the 
pulsations. 
So far as I know, this, with one exception, is the first  time that 
a  continuous  record  of  blood  pressure  has  been  made  during 
Cheyne-Stokes  respiration in man.  Mosso,S°  in a recent publica- 
tion,  gives  tracings  of  such  records  obtained  during  periodic 
respiration occurring in normal men at high altitudes.  Indeed, 
the Mosso and Erlanger instruments are the only two sphygmo- 
manometers that  permit of such use,  and for this  purpose the 
latter is certainly better adapted than the instrument devised by 
Mosso.  The  importance  of  such  records  in  clinical  cases  of 
many kinds is  too evident to need  emphasis,  and  the method 
9Johns  Hopkins  Hosp.  Reports,  19o4  , .xii, 53. 
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opens up a  new field for much valuable investigation.  In  the 
clinical cases which I  have studmd, quantitative determinations 
of the blood pressure at its maximum and minimum variations 
were  made  by  the  Riva-Rocci  method  in  some  cases.  The 
respirations were recorded by means of Marey's double tambour, 
the upstroke representing inspiration. 
Discussion of the "General Method" of Cerebral Compression.-- 
Two principal objections have been made to this method.  In the 
first  place,  it has  been  contended that  the  compression is  not 
exerted equally upon all parts of the brain, or it has even been 
claimed that  certain  portions may entirely escape compression. 
Thus it is  stated  that if the fluid is  allowed to  enter over the 
cortex,  the  cerebellum may be  crowded down into  the  interior 
opening  of  the  foramen  magnum  to  such  an  extent  that  the 
medulla is protected in large part or entirely from the effects of 
compression.  Hill  especially  has  offered  this  objection  to  the 
employment of the general method.  By  opening the  occipito- 
atlantal ligament and introducing fluid under pressure over the 
parietal region, he observed that in many cases none of the fluid 
leaked  through  the  foramen  magnum.  He  believes  that  the 
great brain is driven downward against the base and completely 
blocks the isthmus tentorii cerebelli,  and at the same time the 
cerebellum and medulla descend and block the foramen magnum. 
I  believe, however, that this  experiment cannot be  regarded  as 
crucial, for when one thus opens any part of the cranio-vertebral 
canal and allows the escape of the cerebro-spinal fluid, the brain 
and cord no longer flU with entire completeness their respective 
cavities.  This is especially true if the opening is made over an 
underlying portion, such as the medulla, for one thus drains the 
whole  cranial  cavity.  The  oceipito-atlantal  ligament  being 
opened and  the  fluid  drained  off,  pressure  exerted  above  may 
force the brain  downward as  HiU  observed,  but under normal 
conditions this  displacement is  in  large  part  prevented by  the 
practically incompressible fluid in the spinal canal, which has no 
way of escape except to a  small extent along the sheaths of the 
spinal  nerves.  Hill  states  that  the normal amount of cerebro- 
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observed, however, it has been present in considerable quantities, 
and  flows out readily upon opening the dura. 
If one trephines a  hole through the axis and another through 
the parietal region of the skull, and introduces the compressing 
fluid through the former, the brain will be forced up and become 
closely applied to  the  opening in  the  parietal  region, and  with 
an  increase  in  pressure  will  bulge  through  it  and  effectually 
prevent any escape of fluid.  The same result may be observed 
if the two openings are made close to each other over the cortex. 
If  an  attempt  were  made  to  measure  by  ordinary  means  the 
pressure  transmitted  to  the  second  trephine  opening,  as  for 
example with a  mercury manometer, the opening would be soon 
blocked off, owing to the crowding of the brain towards this point 
of lessened pressure.  To  prevent this  result as far as  possible, 
I  have employed the following method.  The compressing fluid 
is introduced through one trephine opening and the second open- 
ing is  connected by means of lead tubing of small bore with a 
Hiirthle  spring  manometer.  The  tube  connected  with  the 
Hfirthle manometer is  completely filled up  to  its  opening into 
the skull or spinal canal with fluid under slight pressure.  The 
pressure  of  the  entering fluid is  measured with a  mercury ma- 
nometer by the usual method.  The pressure transmitted to  the 
distant portion of the cranial cavity is measured by the Hiirthle 
manometer.  The  tube  connecting with  the  latter  being  filled 
with a practically incompressible fluid, and the changes in pressure 
that it records being associated with comparatively slight move- 
ment~ of  this fluid, a  point of lessened  pressure  is  in  large part 
avoided, and the brain is thus prevented to a considerable degree 
from being forced into and plugging the trephine hole. 
By the employment of the above method, I was able to observe 
that the pressure over the medulla, when the fluid entered over the 
cortex,  was  equal  in  degree  to  that  over  the  cortex,  and  was 
approximately  coincident.  The  pressure  over  the  medulla 
followed in a few seconds the pressure of the entering fluid, and a 
slight pressure  (about 20 mm..), remained for a  short time over 
the medulla after  removal of the compression over the cortex. 
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the agreement between the pressures was not so close,  and the 
pressure that remained over the medulla after  the pressure bulb 
was lowered was Lucreased. 
When the fluid  was allowed to enter over the medulla and the 
measurement was made over the cortex,  the correspondence was 
just  as close  until  a certain  point was reached, when the H~rthle 
manometer suddenly ceased reeording, and remained stationary 
though the pressure of the entering fluid  continued to increase. 
This phenomenon was evidently due to a sudden blocking of the 
trephine opening by the brain. 
Investigation  has shown  the anatomicM  and  physiological 
continuity of  the subarachnoid space of  the skull  and spinal  canal 
with the cavities  within the brain itself. The fact that there is 
little  difference  in  the effect  observed when the primary entrance 
is  over the medulla andwhen it  is  over  the cortex,  would indicate 
in itself  that the pressure is well transmitted.  Cushing, by the 
employment o[  both  methods in  a large  number of  cases,  observed 
that the results  were practically  identical,  and were due in both 
cases  to the effects  of  medullary compression.  I can confirm  this 
opinion by the result  of a large  number of experiments, in which 
fluid  was allowed to enter in some cases  over the cortex,  in others 
over the medulla.  The  only exceptions  occurred toward the 
end of long experiments.  When  the intraeranial pressure has 
been kept high for a long period of time, the brain may become 
markedly oedematous.  It  is probable under these circumstances 
that more or less blocking may  occur at the isthmus tentorii 
eerebelli,  or at the cranio-vertebrM junction; the pressure upon 
the medulla is then indirectly  transmitted by crowding the  hind 
braLu down into the spinal canal,  rather than exerted directly 
by the compressing fluid. This  condition is expressed in the 
results of the experiments by a  lack of the usual close  corre- 
spondence  between the effects observed  and  the relations of 
intracranial  and blood pressures,  as will  be more evident after  a 
consideration of the following sections. 
The  effects upon  the  respiratory, vasomotor  and  cardio- 
inhibitory centres, oecur more  rapidly when  the fluid enters 
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and  the  delay is  readily explained by the  fact that  the  trans- 
mission  of  pressure  is  not  immediate in  the  latter  case,  as  is 
stated above. 
The  second  objection  urged  against  the  method  of  general 
compression, is that the escape of fluid through the free openings 
existing between the subarachnoid space and the sinuses, as well 
as  along the sheaths  of the  spinal  nerves, is  so  rapid  that the 
degree  of  intracranial  tension  can  not  be  kept  constant,  and 
moreover that  the  entrance  of this  great amount of fluid into 
the  circulation,  causes  dilatation  of  the  right  heart  and  the 
death of the  animal.  This  view has been  especially advocated 
by  Adamkiewicz  11  and  Hill.  The former  states,  largely upon 
theoretical  grounds,  that  any  tendency  of  the  cerebrospinal 
fluid to assume a higher tension  than  normal, is overcome by the 
passage of a certain amount of this fluid into the blood.  Cushing 
however, by the employment of this method in numerous cases, 
observed that as a  matter of fact this objection is not a  serious 
one.  The escape of fluid during a  given  time  was  not  great 
(60 to ioo co. in the course of an hour), and certainly not sufficient 
to afford ground for either of the difficulties suggested by Adam- 
kiewicz.  The  escape  of  fluid  after  death  of  the  animal was 
somewhat more rapid.  Both of these statements I  can confirm 
as a  result of my experiments. 
PERIODIC RESPIRATION  EXPERIMENTALLY  PRODUCED  BY  INCREASE 
OF  1NTRACRANIAL TENSION.  DESCRIPTION  OF TRACINGS. 
When  the  intracranial  pressure  is  gradually  increased  from 
zero, there is as a rule no effect upon respiration until the pressure 
of the compressing fluid rises almost to  the mean blood  pressure 
as measured in the carotid or femoral.  In some cases there is a 
slight increase in respiratory rate and depth before this point is 
reached, especially if the intracranial pressure is  held for some 
length  of  time  at  a  point  somewhat  below  arterial  pressure. 
When  the intracranial pressure reaches mean  arterial  pressure, 
there is observed in a few seconds (one to five) a preliminary rapid 
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increase  in  respiratory  rate  and  depth.  This  increase,  lasting 
a  few seconds,  is  followed by a  rapid  diminution  in  the  rate 
and depth of respirations, leading to apncea in from two  to  ten 
seconds.  The  preliminary  increase  may  be  absent.  Accom- 
panying  the  decreasing  respirations  and  the  apncea,  there is 
usually a  development of vagus inhibition associated with a  fall 
in blood pressure which varies greatly in extent in different cases. 
This fall is followed in turn by a  rise of blood pressure and the 
partial  disappearance  of  vagus  inhibition,  though  the  latter 
persists in nearly all cases to a  greater or less degree, the pulse 
being nearly always somewhat slower throughout the compression 
than  it  was  previously.  The  blood  pressure  then  gradually 
rises  toward the  line of intracranial  pressure,  and  after  rising 
above this line at the summit of  the rise, the apnoea  is  broken. 
If the blood pressure does not again fall, but remains constantly 
above  the  line  of  intracranial  tension,  respirations  continue, 
usually  somewhat, slower and deeper  than  normally, but with 
entire regularity. 
Periodic  respiration  is  observed  when  the  Mood  pressure 
alternately rises and falls above and below the line of intraeranial 
tension  in  the  form  of  Traube-Hering  waves;  the  periods  of 
respiratory activity accompanying the rise, the periods of apnoea 
the fall.  This condition may as a  rule be obtained in any given 
experiment  by  successively  raising  the  intracranial  pressure 
through several stages,  each time to  the height of mean blood 
pressure.  Following  the  first  increase  of  intracranial  tension 
to the level of arterial pressure, the blood pressure rises, assumes a 
height somewhat greater than  the former, and usually remains 
constantly above  the intracranial pressure.  If the intracranial 
pressure is now again raised to the arterial pressure at this new 
height,  the same process may be repeated.  A  third successive 
increase of  the intracranial pressure to Mood pressure may lead 
to a  similar result,  or the blood pressure rise which follows may 
not continue, but may be succeeded by a fall to below the line of 
intraeranial  tension.  This  fall  in  turn  is  followed  by  a  rise, 
and  the  condition  of  Mood  pressure  waves  rising  and  falling 
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Less  frequently  this  condition  may  follow  the  first  or  second 
increase  of  intracranial  tension  (Plate  XXXI,  Tracing  i). 
These blood pressure waves represent periodic variations in the 
activity  of  the  vasoconstrictor  centre.  To  maintain  this  un- 
usually high blood pressure,  a very strong stimulus  to the centre 
is necessary.  As  will be shown  later, the fall of blood  pressure 
below  the intraeranial  pressure is associated  with anaemia  of the 
medullary  centres.  This acts as a  strong  stimulus  to the vaso- 
constrictor centre, the centre responds, and a rise of blood  pressure 
results.  With  the rise of blood pressure above  the line of  intra- 
cranial pressure, the anaemia  is greatly reduced, and the stimulus 
acting upon  the centre is correspondingly  lessened.  The  action 
of  the  centre  therefore  partially  relaxes  and a fall  of blood pressure 
oecurs.  With the fall  below the line of intraeranial pressure, 
the stimulus is again increased and the  same process is repeated. 
This condition of blood pressure waves rising  and falling  above 
and below the line of intracranial tension, is  always associated 
with periodic respiration.  The first  blood pressure wave follow- 
ing the increase of intracranial tension may in some cases  fail  to 
call  forth respirations.  This phenomenon is observed when as a 
result  of pronounced vagus inhibition  [ollowing the rise  of intra- 
cranial tension, the blood pressure fall  has been great and long 
continued.  Such fall  of pressure leads to a long continued anae- 
mia of the respiratory centre,  and as a result  its irritability  may 
be so depressed,  that renewed  activity may  not be observed 
until  after  a considerable intervM of  blood supply; in this  interval 
may be included the first  blood pressure wave.  This fact will  be 
more evident I think after  consideration of further points to  be 
dealt with in this  paper. 
The number  of respirations in a group varies greatly; their 
character  and  sequence  in  different experiments  also varies, 
though  in the same  experiment  there is usually  considerable 
constancy.  Two to ten or more respirations  may be present in a 
group; rarely some of the waves of blood pressure may be pro- 
duetive of only a single respiration, preceded and followed by 
groups of two or more.  The groups may be composed of respira- 
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an  ascending scale; still more frequently the first respiration is 
the  largest  and  the  group  presents  a  descending  scale.  Not 
infrequently  the  groups  may  assume  a  more  or  less  typical 
Cheyne-Stokes  character,  with  an  ascending  and  descending 
phase in each group. 
Traci~zg  I  shows  groups  of  two  respirations  separated  by  long  periods  of 
apnoea,  the  first  respiration  of  each  group  being the  larger.  The  uppermost 
line of the tracing records the abdominal respiratory movements.l 2  One of the 
two middle lines represents the blood pressure in the carotid artery, the other 
the  intracranial  pressure,  the  latter  being  the  more  continuous  line.  Both 
pressures are recorded from the same base line (not shown on the record).  The 
speed of the kymographion was  0.5 m.m.  per sec.  The record reads from left 
to right,  the pen recording respiration records  5  ram.  ahead of the pen of the 
manometer recording blood pressure, and its downstroke represents inspiration. 
Following  the  increase  of  intracranial  pressure,  which  was  gradually  raised 
from zero, a  slight preliminary increase in respiratory rate  was  observed;  soon 
there was a  decreasing scale ending in apnoea and associated with the develop- 
ment of vagus inhibition, and a  fall of blood pressure.  A  slow  rise  of  blood 
pressure  now followed,  and  apnoea  was  broken  by  a  single  respiration  about 
twenty seconds after the crest of the  blood pressure wave  rose  above the line 
of  intracranial  tension.  This  was succedeed  by  a  fall  of  blood pressure  and 
apncea,  and a  following rise of blood pressure was attended by a  group of three 
respirations.  The intracranial pressure was now still further raised, and a  long 
period  of  apncea  occurred,  during  which  the  blood  pressure  gradually  rose. 
This period  of  apncea was  finally terminated by a  group  of two  respirations. 
These were  succeeded  in turn by a  fall of blood pressure  and apncea; another 
group of respirations occurred with the succeeding rise, and periodic respiration 
with groups of two respirations separated by long periods of apnceas was then 
definitely established (see Tracing x).  The blood pressure slowly rises throughout 
each period of apncea,  and at the summit of the rise the first respiration of the 
following group occurs.  The occurrence of the first respiration is marked by a 
further almost immediate rise of blood pressure and an increase in the pulse rate. 
Following the first respiration there is  an equally sudden fall of pressure.  The 
second respiration of the group now occurs,  attended  by a  similar rise of blood 
pressure and increase in pulse rate,  and followed by a  fall of pressure to below 
the line of intracranial tension.  Apncea now begins,  during which there occurs 
a  gradual  rise of  blood pressure  and a  progressive  slowing of the pulse,  con- 
tinuing up  to the first respiration of  the succeeding  group.  The points to be 
especially noted in this experiment are the following:  (a)  The condition present 
is one of long periods of apnoea and few respirations in a  group,  and the rise of 
blood pressure  precedes  for  a  long 'time the  beginning of respiratory activity. 
(b)  There is partial removal of vagus inhibition during the periods of respiration 
and its gradual development during apncea.  An average of  four counts of the 
pulse  rate  gave  eighty-nine  for  the  former  and  eighty-one  for  the  latter. 
(c)  As the intracranial pressure was allowed to fall slowly and gradually through.- 
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out the experiment,  the  depth to  which the blood  pressure  fe!l below  the line 
of  intracranial  pressure  after  each  respiratory  group  successively  decreased, 
and this change was associated with a  decrease in the  length of the periods of 
apnoea;  finally  a  group  of  four  respirations  occurred,  foliowing  the  shortest 
period of apncea. 
Tracing 2 shows groups composed of  from two  to six respirations  separated 
by much shorter periods of apncea.  The blood pressure shows relations similar 
to that observed in the last experiment, except that it does not fall so far below 
the  line of  intracranial tension.  Each  respiration  is  accompanied  by  a  rise 
of blood pressure  and removal of vagus  inhibition, and is succeeded  by a  fall 
of blood pressure,  the fall following the last respiration of the group being the 
most marked. 
Tracing  3  shows  groups  of  from  four  to  eleven  respirations,  usually  of  in- 
creasing magnitude.  Several of the groups present also a  subsequent descend- 
ing  scale  of  respirations  and  approach  more  closely  the  true  Cheyne-Stokes 
character.  Following  the  rise  of  intracranial pressure  from  zero  there  was  a 
rise  of  blood  pressure  associated  with  increased  respiratory  activity.  The 
b~10od pressure  fell  only  slightly  following  this  rise,  and  no  apneea  occurred, 
but  only  a  slowing  of  the  respirations.  These  slow  respiratory  movements 
continued for a  time,  and the last respiration was followed by a  sudden fall of 
blood  pressure  to  far  below  the  line  of  intraeranial pressure.  With  this  fall 
apnoea  developed  and  lasted  for  thirty-four  seconds,  during  which  time  the 
blood pressure gradually rose ; following this rise a group of respirations occurred. 
Following  this  group,  the  blood  pressure  fell  slightly,  and  a  s!owing  of  the 
respirations  occurred.  A  third group  now  occurred,  and periodic  respiration 
with  definite  intervals  of  apnoea  developed.  The  following  results  of  this 
experiment  are  to  be  emphasized:  (a)  Certain  groups  of  respirations  are 
preceded  by  a  slight rise  of blood pressure;  in other groups  the  beginning of 
respiratory activity and the rise of pressure are practically coincident; in others 
again the former precedes  slightly the beginning of the rise of blood pressure. 
(b)  With the longer periods of apnoea, there is usually a rise of blood pressure ob- 
served before the following group of respirations, while with the shorter periods 
of  apnoea,  the beginning of  respiratory  activity  is  usually  coincident with  or 
slightly precedes the rise in pressure.  (c)  Each respiration of the group is accom- 
panied  by  a  rise  of  blood  pressure  and  an  increase  in  the  pulse rate,  and 
following each  respiration  there  is  a  gradual  fall of blood pressure  and  a  de- 
crease in pulse rate,  and these changes gradually increase up to the beginning 
of the next respiration of the group.  (d)  The fina! respiration of the group  is 
succeeded by a  very rapid fall of blood pressure  to far below the line of intra- 
cranial  tension,  and  with  this  fall  apnoea  develops.  (e)  The  longer  periods 
of apncea are as a  rule associated with the most marked fall of blood pressure. 
In the shorter intervals of apnoea the bloo  d  pressure  does not fall to  so great 
an extent  below the line of intracranial tension.  (f)  The  largest  respiration 
of  the  group  is  associated  with  the  greatest  rise  in  blood  pressure.  (g)  The 
fall of blood pressure following each respiration of the group is associated with 
the  development  of  vagus  inhibition,  and  this  inhibition reaches  its  greatest 
development with the final tall following the last respiration of the group. 
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stroke of the respiratory pen.  The  records  are to be read  from left to  right. 
In this record, the respiratory pen records two millimeters ahead of the pen of 
the blood pressure manometer. 
Tracing 4.--The respiratory groups in this record are of the typical Cheyne- 
Stokes  type  with  an  ascending  and  descending  phase  to  each  group.  This 
record was obtained f~:om a  dog after the section of one vagus.  The lowermost 
line  is  the  line of  zero  pressure  for both the blood pressure  and intracranial 
pressure.  The  darker of the two middle lines represents the intracranial pres- 
sure,  the  lighter,  the blood  pressure.  The  pen  recording  the  former  records 
a  few millimeters behind the other pens.  The record reads from right to left. 
The time is in one second intervals.  The record is reduced one half.  Inspira- 
tion is represented by the upstroke of the respiratory pen.  The rise of intra- 
.cranial pressure from zero was followed shortly by a  rise of blood pressure,  and 
accompanying this rise a  group  of five respirations occurred.  A  considerable 
fall of blood pressure associated with the development of vagus inhibition now 
followed.  This fall of pressure  was  accompanied by apncea lasting seventeen 
seconds,  and was  followed  by  a  group  of  four  respirations  associated  with  a 
:second rise of blood  pressure  and increase of pulse rate.  The blood  pressure 
then fell, but  did not reach to a  point so far below the intracranial pressure as 
previously, and the apncea that accompanied this fall was  of only six and a  half 
seconds in duration.  Associated with the rise of the third blood pressure wave, 
a  third group  of respirations occurred.  The blood pressure following this last 
group  fell somewhat, but  not  to  so low  a  point  as in the previous  periods  of 
apnoea.  The result was that no apnoea followed, and its place was taken by a 
series of small respirations which increased in size gradually as the blood pressure 
rose.  There then followed a  slight fall of blood pressure with slight diminution 
of the respirations; finally, as blood pressure waves  disappeared and the blood 
pressure  remained  constantly  above  the  line  of  intracranial  pressure,  the 
respirations continued at regular intervals and shortly afterward became equal 
in depth.  In this record it is also to be noted that, in the long period of apncea 
preceding  the  second group  of  respirations,  a  rise  of blood pressure  occurred 
before the commencement of respiratory activity, while in the shorter periods of 
apncea,  the group of respirations preceded the rise. 
Tracing 5  is  a  record  of  periodic  respiration  in  groups  of  twos  and  threes 
occurring after section of both vagi.  Under these conditions, the pulse rate is 
the same in the periods of apncea and in the periods of respiratory activity. 
REPORT  OF  RECORDS  AND  OBSERVATIONS  UPON" TWO  CLINICAL 
CASES  OF  CHEYNE-STOKES  RESPIRATION  OCCURRING 
WITH  INCREASED  INTRACRANIAL  PRESSURE. 
Case I.--G.W., male, colored, aged 2 2 years, was admitted to the surgical service 
of the Johns Hopkins Hospital on Dec.  6,  i9o 5, with a  history of headache and 
recurring  clonic spasms of the left side  of the body of nine months  duration. 
The left eye was the seat of a  marked choked disc.  The patient was first seen 
by me on the night of Dec. 8.  At that time and on the following afternoon, his 
condition  was  as  follows:  There  was  marked  periodic  respiration  with  long 
periods  of  apncea.  The  patient  was  restless,  talked  irrationally,  complained 
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though  his  attention  could  be  drawn  and  he  would  answer  questions  fairly 
intelligently.  With  the  onset  of  apncea,  his  eyes  assumed  a  fixed  stare,  the 
muscular movements of the body and limbs ceased,  and in a  few seconds there 
was  dilation of the pupils with rotation of the eyeballs outward  and upward. 
Unconsciousness  now  occurred,  from  which  it  was  impossible  to  arouse  the 
patient.  An  average  of  three  determinations  of  the  pulse  rate  gave  in  the 
periods  of  respiratory  activity  ~5  per minute,  during  the  periods  of  apncea 
6i  per minute.  During the respiratory periods the patient did not seem to be 
especially  dyspnceic,  and  did  not  complain  of  shortness  of  breath.  On  the 
morning  of  Dee.  io,  the  periods  of  apncea  were  shorter  and  the  periods  of 
respiratory activity longer.  At times respiration would continue without pauses 
for  several minutes.  The patient was  very restless  and his mental condition 
was  more  active  than  the  day  before,  though  he  was  still  very  irrational. 
Each  apnceic period  as  previously was  associated with total unconsciousness. 
On the afternoon of this day his apnceic periods had almost entirely disappeared, 
only three short ones of io to 20 sec. being noted in the course of an hour.  The 
patient was still very restless, his mental condition even more active than at any 
previous time,  and he was  constantly muttering  and holding imaginary con- 
versations.  No  periods  of  unconsciousness  occurred  except  those  associated 
with  the  few  and  short  periods  of  apncea.  On  the  morning  of  Dec.  ~  the 
mental condition was  much improved  and the breathing was  regular in force 
and rhythm.  This condition continued until the following morning, when the 
patient  was  removed  to  the  operating  room  and  decompression  performed. 
Generalized tuberculous meningitis with marked increase in intracranial tension 
was found.  Shortly after the operation it was definitely noted that the choked 
disc  had  undergone  partial  resolution.  The  patient  remained  in  a  partially 
unconscious  condition  the  following  two  days;  there  was  delirium, and  death 
occurred on the sixth day following the operation.  Autopsy revealed a solitary 
tubercle of the cerebrum,  tuberculous meningitis, and tuberculous pneumonia. 
After  the  operation  the  breathing  remained  quite  regular,  and  no  return  of 
apnceic periods occurred. 
A study of the numerous records taken at different times during 
the period of observation shows  that  the periods of  respiratory 
activity may consist of  groups of respirations of approximately 
equal depth,  of descending groups in which the first inspiration 
is the largest, of groups of respirations of irregular depth, and fin- 
ally of groups which present the typical ascending and descending 
character.  The groups of irregular respirations and of those of 
the  gradually decreasing type  are  probably the most  common. 
The number of respirations in a  group varies: there may be only 
two, or respiration may be continuous for many minutes, though 
as a rule, at any one time, the number of respirations in the groups 
is fairly uniform and the periods of apncea are of approximately 
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at  different  times  from  a  few  seconds  to  a  minute or  longer. 
Tracing 6 (Plate XXXIV)  shows a  group of two respirations, the 
first of which is the larger.  A typical descending group of three, 
which was  often observed,  is  shown  in  Tracing  7.  Tracing  8 
shows a group of irregular respirations, a group of three descend- 
ing  respirations,  and  a  group  in  which  the  respirations  are 
approximately  equal.  Tracing  9  shows  groups  of  a  typical 
Cheyne-Stokes  character,  with  an  ascending  and  descending 
phase.  Tracings io and  i i  are examples  of descending groups. 
The upper line of the records is  the blood pressure from the 
brachial artery, recorded by means of the Erlanger sphygmoma- 
nometer by the  method above described.  Any increase in  the 
size of the  pulse wave indicates a  rise in  pressure,  any decrease 
a  fall.  The time is in one second intervals.  The middle line is 
the  respiratory  record,  the  upstroke  representing  inspiration. 
It will be noted that  the groups of respirations are  constantly 
associated with a rise in blood pressure and a rapid increase in the 
rate  of the pulse.  In some cases  the rise  may precele the begin- 
ning of respiratory  activity,  in  others  it  may quickly follow  it,  in 
others the two are coincident.  A  careful study of numerous 
tracings  has led to the following  general conclusions: 
(i) In tracings  taken at any given time,  when conditions  may 
be assumed to  be fairly  constant,  the respiratory  groups following 
long periods of apnoea are usually preceded by a rise  in blood 
pressure,  while  with shorter  periodsof  apn~a the  respirations  pre- 
cede slightly  the rise.  This is  illustrated  in Tracing 8.  The first 
respiratory  group followed an apncea of twenty seconds and the 
rise  of blood pressure  was practically  coincident  with the begin- 
ning of respiratory  aetivity.  The second group of three  respira- 
tions  followed  an apnoea of  six seconds,  and preceded the rise  of 
blood pressure by about two seconds.  The sueceeding apnoea 
of thirty-four  seconds was preeeded by a rise  of blood pressure 
of about three  seconds. 
(2) The  rise  of blood pressure is proportional to the depth 
and number of respirations in a group: the greater and more long 
continued the rise,  the greater  the respiratory  activity. 
(3) The longest periods of apncea are associated with the 584  Observations upon  Cheyne-StoTces Respiration 
greatest  falls  of pressure,  and  the most marked slowing  of the 
pulse rate. 
(4)  The most marked increase in pulse rate occurs when the rise 
of blood pressure is most marked. 
(5) As a rule,  the descending groups in which the first  respira- 
tion is the largest,  are preceded by a marked and sudden rise  of 
blood pressure and bv a sudden increase in pulse rate,  while the 
rise  preceding or accompanying the other groups is usually more 
gradual, and the increase in pulse rate is not so marked before 
the first  respiration occurs.  Tracings 7 and i  i illustrate  this point. 
(6)  If the rise of blood pressure precedes the respiratory group, 
this rise is associated with an increase in pulse rate; but if such 
a rise does not occur previous  to respiratory activity, the pulse 
is not increased in rate until the beginning  of respiration. 
(7) Following  the respiratory  groups  there is a  fall of blood 
pressure,  and  a  gradual  slowing  of the pulse which  reaches  its 
fullest development  coincident  with  the lowest  point  of blood 
pressure. 
(8)  With the disappearance of the periodicity of the respiratory 
aetivity,  there  is  a  disappearance  of the blood  pressure  waves 
and of the variations in pulse rate.  Tracing 12 is a record of the 
blood pressure and pulse rate  taken from the patient at a  time 
(afternoon of Dec. io) when the respirations were entirely regular 
in  force and rhythm.  The small respiratory  waves are  seen, a 
slight rise with each inspiration and a slight fall with expiration, 
but otherwise the blood pressure and pulse rate remain constant, 
and there is an entire absenee of the long blood pressure waves 
noted during the time of periodic respiratory activity. 
The points  to which I  wish to call especial attention in this 
ease,  exclusive  of  those  shown  by  the  tracings,  are:  (i)  The 
dilatation of the pupils and the rotation upward and outward of 
the eyeballs with the onset of apncea.  These phenomena were 
noted by Cushing  ~a in the eases reported by him.  (2)  The deep 
unconsciousness during the periods of apnoea, and the mental and 
physical  activity  during  the  periods  of  respiration.  (3)  The 
blood pressure variations during the course of observation. 
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The periods of consciousness and activity were associated with 
the rises of the blood pressure waves, the periods of unconscious- 
ness with their fall.  If we regard the waves of blood pressure as 
rising  above  the  intracranial  pressure  during  the  former  and 
falling below this line during the latter,  in accordance with the 
view  which  the  experimental  work  makes  very  probable,  the 
deep unconsciousness is associated with a  lack of blood supply 
to the brain, a  condition of cerebral anmmia, and the following 
period of mental and  physical  as  well as  respiratory activity, 
with a  renewed supply of blood to  the cerebral  arteries.  This 
point will be more clearly demonstrated by the following section 
The blood pressure during the different days of observation is 
given in the following table. 
respiratory activity. 
December  8. 
9.  46 
IO. 
IO. 
6~ 
II. 
I2. 
It was obtained in all cases during 
Systolic.  Diastolic. 
9.3o. P.M.  I22  98 
4.3 °  P. Mo  I3o  zoo 
xo.oo A.M.  I38  iio 
3.3 °  P.M.  15o  IIo 
15o  12o 
Before opeation  162  132 
During operation  i7 °  I36 to II 4 
x ½ hours later  i35  9 ° 
4  hours later  i38  96 
6 hours later  ~40  98 
It will be noted that  a rise in blood pressure was observed with 
the gradual improvement of the patient's respiratory, mental, and 
physical condition.  On  Dec.  8,  the  periods of unconsciousness 
were long, in some cases reaching a minute or even more, and the 
periods  of respiratory  activity were  short.. The  condition was 
slightly improved the following day, the length of the respiratory 
periods being somewhat increased at the expense of the periods 
of apnoea.  On the morning of Dec.  io, there was a  considerable 
improvement noted : the apnceic periods were shorter and over a 
given length of time fewer in  number,  the  respiratory  periods 
were longer and the mental activity greater.  These changes, as 
may be  seen,  were  associated with  a  rise  of both  systolic  and 
diastolic pressures.  On the afternoon of this day, there was noted 
an almost complete absence of apnoeic periods, the patient was very 
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There was an associated rise of systolic pressure of twelve milli- 
metres over  that  observed in  the  morning.  On  the following 
two  days  absolute  disappearance of  the  periods  of  apncea and 
unconsciousness occurred.  On  the  second of these days,  there 
was  a  further  rise  of  Mood  pressure.  Following  the  decom- 
pression, there was an almost immediate fall of diastolic pressure, 
though the systolic pressure remained quite constant throughout 
the  operation.  One  and  a  half  hours  later,  a  fall  of  systolic 
pressure  of  thirty-five  milhmetres  of  mercury  was  observed, 
associated with a still further fall of the diastolic pressure.  This 
gradual rise of  blood pressure,  associated with first a  decrease 
and  later  an  entire  disappearance  of  the  periodic  respirations 
and periods of unconsciousness, as well as the fall following the 
relief of the intracranial pressure,  are of much interest in  con- 
nection  with  the  experimental work,  and  accord  so well  with 
the  experimental results  that  further comment is  unnecessary. 
Case  II.--I was enabled to make a  single observation upon a  second patient, 
Mrs.  M.,  white, aged  76  years, through  the  courtesy of  Dr. Arthur  Hebb, in 
whose service the case occurred, and of Dr. Cushing, who was called in consulta- 
tion.  Two weeks previous to the time when  the  patient was seen by me, she 
had suffered from cerebral hsemorrhage.  Since that time, she had had Cheyne- 
Stokes respiration at various times, interspersed with periods of regular respira- 
tion.  When seen by me, on March 2, I9o6, she had well marked Cheyne-Stokes 
respiration.  The  left  eye  showed  slight exophthalmus,  some  cedema  of  the 
conjunctiva,  and  choked  disc  of  moderate  extent.  The  patient  was  uncon- 
scious  both in the apnceie  and  dyspnceic periods.  During  apncea, the patient 
was as a rule quiet, while  during  dyspncea,  and  specially  at  its  height, mus- 
cular  movements were  common.  The  left pupil was  slightly larger  than the 
right.  Nystagmus was present.  Rhythmic  dilatation and  contraction  of  the 
pupils was associated  with  each respiration,  dilatation  occurring  shortly  after 
the beginning of  each  inspiration,  and  being more  pronounced the deeper the 
inspiration;  contraction  to  the usual  size occurred with the following expira- 
tion.  There  was  rotation  outward  and  upward  of  eyes  at  the  beginning of 
apncea.  No definite difference  in size of  the pupil in apncea  and  in  dyspnoea 
could be made out. 
The  records  reproduced,  Tracings  I3  and  ~4,  Plate  XXXV, 
show  similar relations of Mood pressure and respiratory activity 
as in the last case, namely a rise of Mood pressure associated with 
each respiratory group.  The groups of respirations are somewhat 
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LmATION  OF  CEREBRAL  ARTERIES. 
Blood pressure waves 'rising and falling above and below the 
line  of intracranial  pressure were  always  associated  Ln my  ex- 
periments with periodic respiration.  If this condition changed, the 
periodicity  of  the  respirations disappeared.  The change might 
consist in lowering of the intracranial pressure so that it was at 
all times below the blood pressure wave, or in a rise of the blood 
pressure so that it was constantly above the intracranial pressure, 
or  it  might be  due  to  a  disappearance  of  the  Traube-Hering 
waves  themselves.  Lowering the intracranial  pressure to  zero 
results  as  a  rule  in  the  disappearance  of  the  Traube-Hering 
waves as well as of the periodic respiration, but in a  few cases 
observed,  these  waves  still  continued  after  thus  relieving  the 
compression.  The  periodicity of  the respirations,  however, at 
once disappeared, and hence cannot be due in these experiments 
to the presence of such waves alone.  In rare eases,  one or two 
groups of respirations may be observed after lowering the intra- 
cranial pressure to zero.  Thdr immediate disappearance is, how- 
ever, under such conditions a  very striking and almost constant 
fact,  and the rare exceptions, in which after one or two groups 
of periodic movements the respirations become entirely regular, 
are in all probability to be explaLued by the assumption that the 
tension is not immediately relieved in these cases by lowering the 
pressure  bulb.  In  long  experiments,  the  brain  becomes  quite 
cedematous, and the changes in pressure over the medulla when 
the fluid is allowed to enter over the cortex may not immediately 
follow the changes in pressure of the entering fluid.  Such a result 
has  never been  observed when  the  fluid was  allowed to  enter 
directly over the medulla. 
It is important  to  consider  the  fact  that,  with  intracranial 
pressure increased  to a point near the arterial blood pressure, we 
have  conditions  present which  if this blood  pressure  varies may 
give,  so far  as the  cerebral  and  medullary  circulation  is con- 
cerned, a sharply marked  line between  anmrnia and a blood supply 
more  or less closely approaching  the normal.  If the intracranial 
pressure is greater than the systolic blood pressure,  as the result 
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and great brain  must be in  a state of absolute anmmia, for, the 
pressure without the capillaries being greater than that within, 
these vessels must fall into a condition of collapse.  Arise of systolic 
blood  pressure  above  the  line  of intracranial  pressure is  coin- 
cident with a renewed circulation in these vessels, and the amount 
of blood forced in with each pulse wave varies  directly with the 
extent of this rise above the intracranial pressure.  If, however, 
the diastolic pressure has not reached the intracranial pressure, 
during the whole of diastole and a  portion  of each systole,  the 
vessels are collapsed.  If the diastolic pressure now rises above 
this line,  the vessels are not completely collapsed at  any time. 
It  is  thus  apparent  that  with  a  gradual rise  of blood  pressure 
from a  point below the line of intracranial pressure to  a  point 
above this line, the blood supply to the cerebral vessels increases 
at a very rapid rate.  Even after the diastolic pressure has risen 
above this line a further rise of pressure is still associated with a 
very rapid increase of blood supply, for, according to Poiseuille's 
law, 1~ as the calibre of the capillaries is increased, the blood flow 
increases by the fourth power.  A slight rise of blood pressure, if 
blood pressure rises from a  point equal to or below the line of 
intracranial pressure, causes a very much greater and more rapid 
increase in the amount of blood flowing to the medullary centres 
than would occur with an equal rise of blood pressure under other 
conditions.  Conversely,  a  similar  rapid  and  great  decrease of 
blood supply occurs when the blood pressure falls from a  point 
equal to  or  above the line  of intracranial pressure to  a  point 
below this line. 
The condition that is present,  when  the blood  pressure rises 
and falls in the form of waves  above and below the line of intra- 
cranial  pressure,  is  one  of  alternate  anmmia and  blood  supply 
to  the  brain.  During  a  fall  of blood  pressure  below  this  line 
the capillaries are collapsed during a  part or the whole of each 
systole, or during the whole of both systole and diastole.  The 
former gives a condition of anmmia which varies with the extent 
2,  Cornpt.  rend.  d.  l.  Acad.  d.  Sciences,  I843,  xvi,  60. 
The  law  may  be  thus  stated:  Q=K  Hd*  -T- when  K  is  a  constant  for  each 
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of  this  fall,  but  must  be  always  considerable.  In  the  latter 
condition  there  is  absolute  anaemia.  As  the  systolic  blood 
pressure rises  above  the  line  of intracranial  tension,  more  and 
more  blood  enters  the  cerebral  vessels  at  each  systole  of  the 
heart, and asthe diastolic pressure rises above this line, the blood 
supply  suddenly  increases  at  a  very  rapid  rate.  The  blood 
supply  to  the  medullary  centres  will  vary  in  degree  with  the 
extent of this rise of blood pressure above the line of intracranial 
pressure.  With  the  succeeding fall  to  a  point  below  the  line 
of intracranial pressure, the blood supply diminishes with great 
rapidity,  and  a  sudden  great  reduction  occurs  as  the  diastolic 
pressure  falls  below  this  line.  It  is  therefore  probable  that 
the  amount of blood supply to the medullary centres during the 
course  of  a  blood pressure  wave,  which in one part of its curve 
is  below,  at  another,  above  the  line  of  compression,  varies 
through  a  great extent,  and  these  variations  occur  with  great 
rapidity. 
The  records  obtained  from  the  experiments  upon  periodic 
respiration  and those from the two clinical cases, show that the 
periods of respiratory activity accompany the rise of the blood 
pressure wave above the line of intracranial tension; the periods 
of apnoea are associated with a  fall of the blood pressure below 
this line.  That is,  the  former occur when the brain is more or 
less well supplied with blood, the latter  are associated with the 
periods  of  anaemia.  The  relations  existing between  the  blood 
pressure and the intracranial pressure determine at  these  times 
the extent of this anaemia and blood supply.  The anaemia may 
be relative or absolute, but is always great.  The period of blood 
supply, even at its maximum, is probably always somewhat less 
than  the  normal  blood  supply,  because  the  blood  vessels  are 
constantly under the influence of an outside compressing tension 
which tends to diminish their calibre.  The unusually high blood 
pressure that prevails in this condition may in part compensate 
for this, but probably only to a  limited extent. 
The  results  of recent  work  prove  almost  conclusively  that 
carbon-dioxide is the normal and under ordinary conditions the 
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and  Priestly, is as  the result of a  large number of  observations, 
have come to  the conclusion that diminished supply of oxygen 
in man is not capable of affecting the activity of the respiratory 
centre until the amount of oxygen falls to thirteen per cent. of 
an atmosphere in the respired air, while carbon-dioxide, if increased 
to three tenths of one per cent.  of an  atmosphere, increases the 
pulmonary ventilation two and a half times.  Mosso  16 has recently 
approached the problem from another point of view.  In experi- 
ments at  high  altitudes  and  under low  barometric  pressures, 
produced artificially, he has shown that the reduced pulmonary 
ventilation which up  to  a  certain point is  present under these 
conditions, is associated with a  reduction of the carbon-dioxide 
as well as of the oxygen of the blood.  That the lack of oxygen 
may, however, under certain conditions act as a respiratory stim- 
ulus  is,  I  think,  admitted  by  practically  all  observers.  The 
question that has been productive of so  much work is  the  rela- 
tive efficiency of the two stimuli, and  at  present results seem to 
point  to  carbon-dioxide  as  the  more  efficient  stimulus,  and 
probably  the  only  one  active under  normal  conditions,  while 
lack of oxygen may become efficient under conditions in which its 
supply  to  the  centre is  considerably reduced.  It  is  of  course 
impossible  to  say in  any  given  experiment when  this  limit  is 
passed.  With  periodic  respiration,  the  pulmonary  ventilation 
is probably always less than normal, though the decrease in the 
number of respirations is  often in  part compensated for by the 
increase in depth of the individual respirations.  This fact would 
suggest that possibly the centre is responding under these circum- 
stances both to increase of carbon-dioxide and decrease of oxygen. 
For convenience of discussion, it will be well to treat both stimuli 
as  probably effective under the  circumstances.  That  resulting 
from  increase  of  carbon-dioxide  is  probably  always  present, 
that  caused by  lack of oxyen may or may not be.  The real 
determination of this  point,  so  far as  the  conditions here con- 
sidered  are  concerned,  is  of  no  great  importance.  In  these 
conditions, the processes that evidently call forth the periods of 
lsJour,  o] Physiol., 19o5, xxxii, 225. 
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respiratory  activity  and  repose  serve  to  increase  or  decrease 
both stimuli. 
We must recognize two conditions which increase the stimulus 
to  the respiratory centre:  (i) an increase in  the carbon-dioxide 
tension and a lowering of the oxygen tension in the blood supply 
to the centre, and (2) a reduction in this blood supply, its carbon- 
dioxide  and  oxygen  tension  when  it  reaches the  centre being 
unaltered.  Both will act in the same way, namely, by preventing 
a discharge  of  the  carbon-dioxide  contents  of the cells  of  the 
centre and by decreasing their oxygen supply.  The extent to 
which a  reduction of blood supply may act as a  stimulus to the 
centre will vary, moreover, with the relative amounts of carbon- 
dioxide and the oxygen in the blood. 
If  the  respiratory stimulus  as  ordinarily stated,  namely,  an 
increase in  carbon-dioxide and  a  reduction in  oxygen, were all 
that need be considered, this stimulus would certainly be greatest 
when the reduction of the blood supply to  the centre is  at its 
maximum.  Under any condition in which the blood supply to the 
centre varied through a  considerable degree, we should expect 
respiratory activity to  be  most  marked when the anaemia was 
greatest, while a cessation of activity, i.e. apncea, if such occurred, 
should  be  associated with  a  reduction  of  the  stimulus  conse- 
quent upon  an  increased blood  supply.  With intracranial ten- 
sion, when the alternate anaemia and blood  supply is  produced 
by a  wave of blood  pressure  which rises  and  falls  above  and 
below the line of intracranial  pressure,  the  opposite  condition 
holds, and  it  is evident therefore that certain additional factors 
have to be taken into consideration. 
One such factor is the evident necessity of a certain blood supply 
to the respiratory centre in order for it to remain for any length 
of  time  in  condition to  respond  to  stimuli.  The  activity  of 
this centre is  evidently more  dependent  upon  a  proper  blood 
supply than is that of any other medullary centre.  The length 
of the period of apncea, which is observed so commonly shortly 
following a  rise of intraeranial pressure to  a  point above blood 
pressure, is,  other things being equal, proportional to the extent 
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inhibition), and the length of time the blood pressure has remained 
below the line  of  intracranial pressure.  If  such a  preliminary 
fall does not occur, no cessation of respiratory activity may follow. 
This is illustrated in Tracing 3-  Following a rise of intraeranial 
pressure above the systolic blood pressure, if the blood pressure 
does not rise, but continues to fall, or remains constantly below 
the line of intracranial tension,  absolute  apnoea develops,  after 
the ordinary preliminary increase of respirations lasting for a few 
seconds.  If the intraeranial pressure is now constantly sustained 
above the systolic blood pressure, apnoea continues unbroken until 
death.  Such a result may occur at the end of a long experiment, 
and is probably due to a gradual exhaustion of the vasoconstrictor 
centre, which has been subjected to abnormal stimulation and an 
insufficient blood  supply for a  considerable period of  time.  It 
is occasionally observed also from unknown causes, either at the 
beginning of an experiment or later.  Finally it may result from 
continually raising the intracranial  pressure until a great height 
is  reached.  The vasomotor centre continues to  respond under 
these  conditions  until  a  certain  point is  reached,  representing 
the maximum of its possible activity.  If the intracranial pressure 
is now carried beyond this point, a rapid loss of control occurs in 
the  vasomotor  centre,  and  the  blood  pressure  gradually falls. 
Under these  conditions,  absolute  apnoea  results  and  continues 
until death.  Such a  result is shown in Tracing 15.  Tracing 16 
shows  that  after  this  condition  has  persisted  for  some  time, 
removal  of  the  compression, followed by  a  renewed supply  of 
blood to the respiratory centre, may result in a  partial recovery 
of the centre, sufficient to enable it to respond to strong stimuli. 
In this experiment, the animal had been bled,  i5 o  cc.  of blood 
having been drawn one and a half hours previous to the beginning 
of the experiment, and the  height  of the blood pressure existing 
at this time probably represented the maximum activity of the 
vasoconstrictor centre.  The first increase of intraeranial pressure 
was  productive of  no  rise  in  blood  pressure,  and  apnoea  soon 
developed.  After some time, the intracranial pressure was low- 
ered to  zero,  and  artificial respiration was begun shortly after- 
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lowering the  intracranial  pressure  to  zero,  natural  respirations 
began,  and nine such deep asphyxic respirations were observed 
before  death.  These  may  be  seen  in  the  record  as  the  deep 
respirations  between  the  smaller  artificial  respirations.  The 
vasomotor centre  did  not  recover,  and  death  occurred  shortly 
afterward.  The renewed blood supply to the respiratory centre, 
produced  by  lowering  the  intracranial  tension,  enabled  it  to 
recover  to  a  sufficient  extent  to  respond  to  the  exceedingly 
strong stimulus prevailing as a  result of the long apnoea and low 
blood pressure. 
That the apnoea consequent upon a rise of intraeranial pressure 
above blood pressure is due to the anaemia that results, and does 
not arise  from any inhibitory process  that  occurs directly as  a 
result of the compression per se, is evident from several facts.  In 
the first place,  no such effect is  obtained with degrees of com- 
pression less  than  blood pressure.  Secondly, the length of the 
apnoea following a  rise  of intracranial  pressure  varies  directly 
with the  amount and  duration  of the preliminary fall in  blood 
pressure  as  stated  above.  Thirdly,  results  are  obtained  from 
brain  anaemia  consequent upon  ligation of  the cerebral  arteries 
which differ in no way from the results obtained from the anaemia 
produced  by  an  increase  of  intraeranial  pressure  above  blood 
pressure.  In  a  number  of  experiments  such  ligation was per- 
formed, the animals used being dogs  and  rabbits.  The results 
may be stated  as follows: 
Ligation of the four cerebral arteries  (both carotids and both 
vertebrals at or near their origin) in dogs is without effect upon 
respiration,  the  rate  and  depth  remaining  unchanged.  The 
ligation of each is followed by a slight rise of blood pressure which 
continues  at  this  new  level.  This  rise  probably  leads  to  an 
increase in the blood supply to the medulla through the cervical 
and spinal anastomoses, sufficient to supply the necessary amount 
of  blood  to  the  respiratory  centre.  Ligation  of  three  of  the 
cerebral  arteries,  one  carotid  or  one  vertebral  remaining free, 
combined with ligation of the subclavians below the origin of the 
cervical  branches, results  in a  slight increase in  respiratory rate 
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length of time.  With the rise  of blood pressure and  the  en- 
largement of  the  spinal anastomoses,  the  reduction  in the 
Mood  supply becomes  less marked,  and  there  probably  also 
results a slight  depression of the irritability  of the respiratory 
centre in consequence of its reduced blood supply; both factors 
tend to cause a return of the normal rhythm and depth.  It 
seems, therefore,  that  the cervical  and spinal anastomoses in the 
dog are more important to the blood pressure in the circle  of 
Willis than any one of the four main cerebral arteries.  Ligation 
of the four cerebral  arteries,  combined with ligation of the sub- 
clavians, leads  to  an  increase  of  respiration,  succeeded  by  a 
decrease which finally ends in  apnoea.  This apnoea is  attended 
by the development of vagus inhibition,  and  a  subsequent rise 
of blood pressure,  at the summit of which the apnoea is broken 
and respiration  gradually  returns,  a  series  of  events  identical 
with that observed when the intracranial  pressure is raised to a 
point equal  to  arterial  blood  pressure.  It  appears  from  these 
experiments that  the  spinal  anastomoses in  the  dog  are alone 
sufficient, when the blood pressure is high, to supply the respira- 
tory centre  with  a  sufficient  amount  of blood  to  enable  it  to 
respond, while if the pressure is not thus raised,  the activity of 
the respiratory centre soon ceases, the reduced supply of blood 
lowering the irritability of the centre bdow the point at which 
the  existing  stimulus  is  effective.  Ligation  of  three  cerebral 
arteries,  combined with ligation  of the subelavians and  of  the 
spinal cord at the first thoracic vertebra,  increases temporarily 
the  respiratory  rate  and  depth.  No  rise  of  blood  pressure  is 
possible because  of the ligation  of the  cord,  and  the return to 
normal rate  and  depth is  probably due to  a  slight decrease in 
irritability  of the  respiratory  centre.  A  record of  the changes 
which  occur  when  one  vertebral  remains  undamped, follows 
the first mark in Tracing 17.  The circulation through one carotid 
or  one vertebral is  thus sufficient in the dog for the continued 
activity of the respiratory centre.  Ligation of all of the main 
cerebral arteries,  combined with ligation of the subelavians and 
the  cord,  leads  to  a  slight  increase  in  rate  and  depth  of  the 
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shortly follows, accompanied by vagus inhibition.  This condition 
follows  the  second  mark  in  Tracing  I7.  The  occurrence  of 
apncea is much more rapid than when the spinal arteries are not 
ligated.  Removal of the clamps from the two carotids (at third 
mark), is followed in a few seconds by a return of respirations, at 
first slow,  and  then  gradually increasing to  normal. 
The respiratory centre of the rabbit is more susceptible to  a 
decrease in its blood supply than that of the dog, though there 
is  much  more  individual  difference  shown.  Ligation  of  one 
cerebral  artery  leads  in  most cases  to  an  increase  in  rate  and 
depth of the respirations.  In two  cases ligation  of two of the 
cerebral arteries led to immediate apncea unbroken until death. 
As  a  rule,  llgation  of from two to  four of the cerebral arteries 
leads, to  apncea, with  or  without  preliminary increase  of  the 
respirations; apncea may be absolute or be broken after fifteen 
seconds or more as a result of the following marked rise in blood 
pressure and the great increase in the respiratory stimulus caused 
by the long period of apncea.  Tracings i8 and  i9 ~7 are from an 
experiment  on  a  rabbit  in  which  the  last  cerebral artery  was 
clamped.  In Tracing i8, the last  artery  was  periodically com- 
pressed and released, each compression leading to an immediate 
rise of blood pressure and apnoea, each release to an immediate 
fall of blood pressure and recurrence of respiration.  In Tracing 
19 with the two compressions, the rise of blood pressure associated 
with the great increase of the stimulus as  a  result  of the long 
apncea, was sufficient to stimulate the centre to slow and weak 
responses while the artery still remained clamped. ~s 
A  large accurnulation of carbon-dioxide and a  great reduction 
of oxygen in the blood, does not for a considerable length of time 
7 In the experiments on rabbits the respirations were recorded from a slip of 
the  diaphragm  by  a  method  similar  to  that  suggested  by  Head  (.[our. of 
Physiol.  i889, xi), and the up-stroke represents inspiration.  In the experiments 
on dogs a transmitting tambour was employed, and the downstroke  represents 
inspiration. 
tsThe  respiratory  muscles  exhibit marked  changes  in  tonicity under  these 
conditions.  Similar changes,  though  as  a  rule not so marked,  are frequently 
observed in dogs in  the period of apnoea following an increase of intracranial 
tension.  These  changes  consist  in  an  inspiratory  spasm  of  short  duration, 
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affect the  power  of  response  of  the  respiratory  centre.  Thus 
in  ordinary asphyxia from occlusion  of  the  trachea,  and  to  a 
somewhat less  extent  in  the  asphyxia following  hamorrhage, 
the respiratory centre continues to  respond until the condition 
has  led  almost to  death,  and for the  greater part  of the  time 
with  increasing activity to  the  constantly increasing stimulus. 
It is not  until  after the  lapse  of from twenty to  thirty seconds 
or more that the reduction of irritability of the respiratory centre 
proceeds more rapidly than the increase in  the strength of the 
stimulus,  and  the  centre begins  to  show decreasing activity of 
response.  The power of response does not reach zero until the 
other medullary centres are almost completely paralysed.  There 
is only a  moderate reduction in blood supply to the respiratory 
centre in the case of haemorrhage, and an increase in the blood 
supply due to rise of blood pressure for a  great part of the time 
in the asphyxia following ligation of the trachea.  The condition 
is  entirely different from the  great  or  even  absolute reduction 
consequent upon the increase of the intracranial tension to equal 
to  or  above blood  pressure,  or  consequent upon  the  occlusion 
of all or the greater part  of the vessels supplying blood to the 
brain.  The difference is  sharply defined.  In the former there 
is  a  diminished,  normal  or  increased blood  supply  associated 
with an increase in the strength of the stimulus  (more carbon- 
dioxide and less oxygen) and the result is an augmented activity 
of  the  centre.  In  the  latter,  the  increase  in  the  respiratory 
stimulus may be supposed to be as great or even greater, but it 
is associated with a marked reduction in or an absolute depriva- 
tion of the normal blood supply.  The result is a rapid or immedi- 
ate cessation of the activity of the centre.  It is evident, therefore, 
that when the blood supply to the respiratory centre falls below 
a  certain low point,  the irritability of the  centre is  so reduced 
that it is not able to  respond to  the strongest stimulation.  A 
somewhat less reduction of blood supply lowers its irritability so 
that  it  is  only capable  of  response  to  very strong  stimuli.  A 
considerable reduction of  blood supply is necessary to percepti- 
bly change the irritability of  the  centre; a  sufficient reduction 
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supply causes  rapid  recovery  unless  anaemia has been too long 
continued. 
It is thus evident,  t hat in an explanation  of  periodic  respiration 
which has as its underlying  cause a  periodic alternation  of great or 
absolute ancemia,  with a  blood supply  to the respiratory centre, more 
or less closely approaching  the normal,  a new factor has to be taken 
into account--namely,  the variations in irritability of the respiratory 
centre as a result of the changes in its blood supply. 
Depending upon the amount of reduction of this irritability, a 
greater or less interval of time, after the return of blood supply 
to the centre, will be necessary for its irritability to be raised to 
a  point  at  which  the  stimulus becomes  effective.  Thus  if  the 
centre has been  subjected to  an  anaemia of considerable length 
and great extent, as for  example  by  a  long  continued increase 
of intracranial  pressure  above blood  pressure,  the  lowering of 
the intracranial pressure to zero and the return of blood flow to the 
vessels of the centre is not at once followed by a  response of the 
centre, but a longer or shorter time elapses before the irritability 
of the  centre is  so  raised in  consequence of the renewed blood 
supply  that  it  may  be  acted  upon  by  the  stimulus.  On  the 
other hand, if this previous anaemia has not been maintained so 
long,  a  return of blood supply to the centre may be coincident 
with a  renewal of its activity.  With still less intense grades of 
anaemia,  the  irritability  of the  respiratory centre is  so  reduced 
that it is unaffected by the existing stimulus and apnoea results, 
but it is not so greatly reduced that it is incapable of responding 
to  very  strong stimuli.  A  consideration of these facts in  con- 
nection  with  the  observations  recorded  in  the  two  preceding 
sections,  will,  I  think,  make  evident their importance in inter- 
preting the results of the records from the experiments and from 
tho clinical cases.  It was there noted that the groups of respira- 
tions  may  precede  by  a  short  interval,  accompany,  or  follow 
the rise in blood pressure.  They follow the rise of blood pressure 
especially with the long periods of apnoea which are  associated 
with long periods of anaemia, the condition in other words that 
gives rise to marked depression in the irritability of the centre. 
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centre which  has  its  irritability  considerably depressed  as  the 
result  of long continued insufficient blood  supply, but is never- 
theless  still  capable  of  response,  may  result  in  apncea. 
This  condition  has  been  observed  a  number  of  times.  Fol- 
lowing  a  rise  of  intracranial  pressure,  if  the  blood  pressure 
also rises and remains constantly above the former, respirations 
soon  recur  and  continue  regularly.  Frequently  the  blood 
pressure is only slightly sustained above the intracranial pressure 
under such conditions,  and the diastolic  pressure may be  even 
below this line, so that only a  portion of each pulse wave finds 
its  way into the cerebral vessels.  If, however, no variations of 
blood supply occur, respiratory activity is  regular in force and 
rhythm.  At first it may  be somewhat increased, but after a short 
time it usually continues uniformly at a rate which is considerably 
less than normal, and without increased depth.  In consequence of 
the considerable reduction of the blood supply, the stimulus must 
be considerably increased, and the lessened activity of the centre 
is an expression of its depressed irritability in consequence of its 
reduced blood supply.  If under such conditions the intracranial 
pressure  is  suddenly lowered,  the  activity of  the  respiratory 
centre may at  once cease, and  apncea result.  If  the  intracra- 
nial  pressure is  now suddenly raised  again  to its former height, 
an immediate return of respirations will occur.  If it is not  thus 
again raised, respiratory activity returns after a longer or shorter 
apncea  and  rapidly increases  to  an  extent  greater  than  that 
which was present before the intracranial pressure was lowered, 
4.e.,  to  an extent equalling or approaching the normal activity. 
The most probable explanation of this result is to be found in the 
fact that the sudden and great flow of aerated Mood to a centre 
the irritability of which has been considerably decreased as the 
result of anmmia, suddenly lowers the carbon-dioxide tension of 
the cells of the centre and at the same time increases their oxygen 
supply.  The  stimulus  is  thus  reduced,  and  the  reduction  no 
doubt  occurs  with  great  rapidity  because  the  blood  is  fairly 
well aerated.  The greater flow of blood increases the irritability, 
but probably not so  rapidly as  it  reduces the  stimulus.  After 
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and the strength of the stimulus gradually increases, respiratory 
activity  recurs,  and  is  greater  than  before  because  of  the  im- 
provement  in  the  irritability  of  the  centre.  Apnoea  may  be 
terminated  at  any  time by  a  sudden increase  of  the  stimulus 
as a result of raising the intracranial pressure.  The phenomenon 
just described is only observed when the centre is considerably 
depressed,  and has never been observed at the beginning of an 
experiment or when  the  centre was  responding vigorously and 
showed  no  evidence  of  a  reduction  in  its  activities.  In  the 
majority  of cases,  lowering the intracranial  pressure  when  the 
centre is  responding,  does not result  in  apnoea,  but  a  gradual 
improvement in rate and depth which begins almost immediately. 
A rise of blood pressure above the line of intracranial pressure 
is similar in every way, so far as the cerebral circulation is con- 
cerned,  to  a  fall of the latter below the blood pressure.  With 
considerable depression of the respiratory  centre as  a  result  of 
long  continued anmmia, a return of blood to the centre may not 
result in an immediate respiratory response.  This is the condi- 
tion observed especially in periodic respiration with long periods 
of apncea.  Here almost invariably, a rise of blood pressure above 
the line of intracranial pressure precedes for some time the begin- 
ning of respiratory activity.  As a  result of the long continued 
periods of anaemia associated with the long intervals of apncea, 
the respiratory centre is greatly depressed, and some interval after 
the return of blood supply is necessary for its irritability to be 
raised to a  point sufficient for the stimulus to become effective. 
It  is  thus  evident  that  in  a condition  of  alternate  anaemia  and 
blood  supply  to  the  respiratory  centre,  there  are  two factors  acting 
in  opposite  directions.  A  renewed  supply  of  blood to  the  centre, 
~ollo~gng  upon  a  period  of  anaemia,  results  in  an increase  in  the 
irritability  of the centre,  and at the same time decreases the stimulus 
to the centre.  The succeeding fall o~ blood pressure and production 
of anemia,  results  in an increase  of the stimulus  and a  reduction 
of  irritability.  Which  process  will  gain  the  upper  hand  and 
determine the result as regards the respiration, depends upon the 
condition  of  the  centre,  the  rapidity  of  the  change,  and  the 
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know  all  of  these  conditions  at  any  one  time,  and  inferences 
concerning them must be drawn in large part from the processes 
themselves. 
The foregoing discussion and experiments have clearly shown, 
I think, how remarkably susceptible the irritability of the respira- 
tory centre is to a considerable reduction of its blood supply.  This 
peculiarity is not shared by the other medullary centres.  Thus 
the  vasomotor centre  may,  and  frequently  does  show its  first 
response to  stimulus when its  blood supply is  entirely cut off. 
After  ligation  of  the  cerebral  arteries  the  blood  pressure  rises 
markedly and continues to rise many seconds after the respiratory 
activity has  been completely stopped as  a result of the anaemia. 
The  rise  of blood pressure  that  results  after  raising  the intra- 
cranial  pressure  above  blood  pressure,  frequently begins  when 
the  blood  pressure  is  extremely  low,  owing to  simultaneous 
inhibition of the heart, and it may be a number of seconds before 
the rise of blood pressure to a point above the intracranial pressure 
results in  a  renewed supply of blood to  the vasomotor centre. 
Furthermore, it is evident that  accumulation of carbon-dioxide 
and lack of oxygen in the blood may act as a very efficient stimulus 
to  the vasomotor centre.  This is  readily observed of course in 
ordinary asphyxia. 
With  increased  intracranial  tension  Traube-Hering  waves 
are  evidently  due  to  a  periodic  increase  and  decrease  of  the 
stimulus to  the vasomotor centre, the  increased  stimulus being 
coincident with an anaemia of the centre.  Under normal condi- 
tions it is probable that the irritability of the vasomotor centre 
to  excess  of  carbon-dioxide  and  lack  of  oxygen is  very  much 
less  than  the  irritability  of  the  respiratory  centre  to  such 
stimuli.  Thus, the comparatively minute changes of these gases 
in the blood under normal conditions, is  sufficient to stimulate 
the respiratory centre to  a  rhythmic  discharge,  while  they  are 
probably  entirely  without  effect  upon  the  vasomotor  centre. 
The only changes in blood pressure under normal conditions are 
the  respiratory  waves,  representing  a  slight  rise  and  fall  with 
each respiratory act.  These waves may be accounted for entirely 
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pressure  in the thorax,  together with change in  the heart rate 
as  a  result of periodic vagus action,  it is probable that under 
normal conditions the most efficient stimulus to the vasomotor 
centre and the one that  keeps it in  constant  tone,  arises from 
stimulation of the various sensory nerves. 
As  regards  the comparative activities  of the respiratory  and 
vasomotor centres, I  think we are justified in drawing the follow- 
ing conclusions: 
(i)  The  respiratory  centre  is  normally  more  susceptible  to 
slight changes in  carbon-dioxide and oxygen than is  the vaso- 
motor centre. 
(2)  The normal irritability  of the  respiratory  centre is  more 
dependent upon  a  proper  blood  supply  than  is  the irritability 
of the vasomotor centre.  The irritability of the former centre 
may be rapidly reduced by anaemia and rapidly increased again 
as the anaemia passes away. 
(3)  The vasomotor centre may respond to stimuli after many 
seconds of absolute anaemia. 
(4)  By the action of anaemia, the normal relations may readily 
and quickly become reversed, and the vasomotor centre become 
more  susceptible  to  the  existing  stimulus than  the respiratory 
centre. 
It  appears  that  the  cardio-inhibitory centre may be likewise 
efficiently  stimulated  by  the  gaseous  changes  in  the  Mood. 
After  a  rise of intraeraniM  pressure,  the vagus inhibition  does 
not  develop  as  a  rule  until  the  intracranial  pressure  reaches 
arteriM  pressure,  and  it  passes  off  to  a  great  extent with  the 
following rise of blood pressure above the intracranial pressure, 
though it nearly always persists  to  a  certain degree, the pulse 
rate  being  slower  throughout  the  compression  than  before. 
With periodic respiration  associated with Traube-Hering waves, 
inhibition is removed in part  as the Mood  pressure rises  above 
the intracranial  pressure,  to  return  as  it  falls  below the intra- 
cranial pressure  during the following period  of  apnoea.  After 
section of both vagi the pulse rate is the same in the periods of 
apnoea  and  respiratory  activity  (Tracing  5).  During  periodic 
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followed by a rapid removal of vagus inhibition occurring almost 
coincidently with  the  respiration,  and  then  the  pulse  becomes 
progressively slower until the occurrence of the next respiration. 
Tracing  20,  taken  during  periodic  respiration, shows  that  this 
removal  of  vagus  inhibition  occurs  very  rapidly  upon  the  re- 
currence of the respiration, following the beginning of inspiration 
in one quarter of a second or less.  It is apparently too rapid to be 
a  gaseous effect, and is probably an exaggerated example of the 
phenomenon which  occurs with  each  inspiration  under normal 
conditions,  and  according to  Fredericque  is  due  to  associated 
activity of  the  respiratory  and  cardio-inhibitory  centres.  The 
extent  of this  removal  of vagus inhibition  in  conditions of in- 
creased intracranial tension varies greatly at different times and 
is independent of the depth of inspiration.  At one  time a large 
respiration may call forth only slight removal of vagus inhibition, 
while a much smaller one is attended with correspondingly great 
removal of vagus inhibition.  The conditions which underlie this 
difference are not as yet clear,  and much work will have to be 
done  before  the  vagus  effects  in  intracranial  tension  are  well 
understood.  The  important  point  that  I  wish  to  emphasize 
now is  that  the rise of blood pressure above the level of intra- 
cranial  pressure  and  the  occurrence  of  respirations  in  periodic 
respiration  are  associated  with  the  partial  removal  of  vagus 
inhibition,  which  returns  as  the  blood  pressure  subsequently 
falls  below the  intracranial  pressure.  Two distinct  factors  aid 
in  this  result:  (i)  One  factor is  the  rise  of the blood pressure 
above  the  intracranial  pressure  line  and  may  be  regarded  as 
independent  of  respiratory  activity.  Partial  removal  of  the 
stimulus to the cardio-inhibitory centre probably occurs because 
of  the increased blood supply.  It may be observed to occur in 
certain instances when the blood-pressure wave in its rise above 
the line of intracranial  pressure does not call  forth  respiratory 
activity and as well in such waves before the group of respirations 
has commenced.  (2)  Each respiration of the group is associated 
with  a  rapid  removal  of  vagus  inhibition.  This  effect  is  too 
rapid to be due to a gaseous  change, and  is  probably the result 
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vagus  inhibition constitutes  an  important factor in  the  rise  of 
blood pressure associated with each respiratory group in periodic 
respiration.  Both of the causes of removal of vagus inhibition 
above described are, I  think, clearly brought out in the tracings 
which are reproduced, 
CHEYNE-STOKES  RESPIRATION  OCCURRING  CLINICALLY  IN 
CONDITIONS  OTHER  THAN  THAT  OF  INCREASED 
INTRACRANIAL  TENSION. 
Continuous  records  of blood  pressure  in  association with 
periodic respiratory phases have been obtained in eight such 
cases.  Two of these were cases of myocarditis and generalized 
arteriosclerosis,  one of myoearditis and mitral insufficiency,  two 
of myocarditis and aortic  insufficiency,  one of aortic  aneurism 
associated  with  aortic insufficiency, one  of  nephritis with 
marked  cardiac  hypertrophy  and  insuffieiency, and  one  of 
nephritis with urmmic  symptoms.  Changes in blood pressure 
recorded by the tracings were constant in all these eases and 
were as follows: During apnoea, usually about the middle of 
the period, a fall  of Mood pressure begins, gradually increases, 
and is associated with a slowing of the pulse which develops 
gradually.  Both fall  of blood pressure and slowing of the pulse 
continue to the onset of respiratory activity and reach their 
maximum  at about the third or fourth respiration  of the group. 
A  gradual rise  of Mood pressure and a gradual augmentation in 
pulse rate begin from this point and increase throughout the 
remainder of the respiratory period and through approximately 
the first  half of the following interval of apnoea.  This rise  in 
blood pressure is at first  slow,  but toward the end of dyspnoea 
and the beginning of the following apncea it is more marked. 
It is thus apparent that the relations  of blood pressure and 
respiratory activity which prevail here are almost the exact 
opposite of those observed with increased intracranial  tension. 
The periods of apnoea are associated with an increased blood 
pressure,  the periods of respiratory activity  with a fall  of blood 
pressure.  The relation of the pulse rate to the Mood pressure 
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pressure and in the experiments, the slower rate being associated 
with the lower blood pressure. 
Tracings 2 x and 22  show the condition described above.  This 
type  of Cheyne-Stokes respiration is  being investigated by  the 
author  and  will  form the subject of a  subsequent paper.  Only 
certain points will be referred to here. 
The groups of respirations consist in nearly all cases of a definite 
ascending and descending phase, and  markedly  atypical groups 
such as those commonly occurring in cases with increased intra- 
cranial  pressure  have  not been observed.  The  relative lengths 
of the apnceic and  dyspnoeic periods  are also  more  constant. 
Disappearance of the periodicity of the respirations is accom- 
panied  by  a  disappearance  of the  blood  pressure  waves.  The 
extent of the blood pressure bears a  relation to the extent of the 
variations of respiratory activity.  Tracings 23, A, B, and C, were 
obtained during the gradual  decrease in the intensity of the pe- 
riodic respiratory activity.  Tracing 23, A shows the most marked 
variations  in  respiratory activity with  the  most  marked  blood 
pressure  changes.  Tracing  23,  B,  taken  forty-five  minutes 
later  from  the  same  patient,  shows  less  marked  respiratory 
variations and less marked blood pressure changes.  Tracing 23, 
C, was  taken  three hours later, and  shows  an  almost  complete 
disappearance of the  periodicity of the respirations with barely 
perceptible  blood  pressure  changes.  The  periodicity  of  the 
respirations is often more marked when  the patient is asleep or 
quiet; records taken from the same  patient  during  waking  and 
sleeping within a very short period of time (several minutes) have 
clearly demonstrated this  fact. 
The periods of respiratory activity are nearly always dyspnceic 
in  character  and  the  patients  complain of shortness  of breath. 
The periods of apnoea are associated with quiet and rest, in some 
cases with partial unconsciousness, but in none of the cases was 
unconsciousness so  deep  that  the  patient  could not be  readily 
aroused.  In  several  cases  long  periods  of apncea  were  accom- 
panied by no impairment of consciousness.  This is  in  marked 
contrast  to  the  condition  observed  in  the  cases  of  increased 
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Examination  of the  eye  grounds  shows  that  the  changes  in 
blood contents of the retinal  vessels correspond to the changes 
in  blood  pressure  as  observed  in  the  brachial  artery.  Dr. 
Bordeley was  kind  enough  to  make  this  examination  for  me, 
and was able  to state  positively that  the retinal  artery and its 
branches  contained  more  blood at the middle of apnoea than at 
the height of dyspncea. 
The changes in blood pressure in this group of cases of Cheyne- 
Stokes respiration, as well as in the cases of increased intracranial 
pressure,  cannot  be  merely secondary mechanical effects of the 
periodic  respiratory  activity.  Tracing  24  is  the  record  of  an 
experiment in which a normal subject breathed periodically and 
endeavored to  simulate Cheyne-Stokes respiration  as  closely as 
possible.  A number of such records were obtained, and the fact 
that  the  conditions  observed  were  absolutely constant  in  all 
will exclude, I believe, the possibility that they are due to psychic 
influences  other than  those  that  would  be  constant under the 
circumstances.  The  conditions constantly observed are:  (~)  A 
constant blood pressure, or  a  slight rise throughout  apncea con- 
tinuing  up to  the  first respiration of the group.  (2)  A sudden 
fall of pressure associated with slight and temporary slowing  of 
the pulse,  coincident with the first respiration of the group, and 
followed by a  rapid rise to the usual height.  (3)  A  constant  or 
slightly falling pressure throughout the respiratory group, with a 
sudden fall of pressure toward the end of the group,  associated 
with a marked increase in pulse rate and a sensation of syncope. 
This fall  in  turn  is  followed by a  rapid  rise  to  normal or to a 
level slightly above normal. 
THEORY  OF CHEYNE-STOKES  RESPIRATION  WITH  INCREASED  INTRA- 
CRANIAL  TENSION. 
In  view  of the  facts brought  out  by  the  study  of periodic 
respiration  produced  experimentally  and  by  observation  of 
clinical cases, in connection  with theoretical considerations  and 
changes  following ligation of the cerebral arteries, it seems to me 
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as  its  underlying cause  a  periodic  alternation  of  anaemia,  and 
blood supply to the medullary centres. 
In  describing  the  tracings  from  the  experiments  and  the 
clinical cases, I  have mentioned that  the  groups of respirations 
may  follow,  occur  coincidentally with,  or  slightly  precede  the 
beginning of the rise  of the blood pressure wave.  This circum- 
stance  allows  these  cases  to  fall  naturally  into  three  groups, 
which will be here considered. 
In  the  first  group,  the  beginning  of  respiratory  activity  is 
preceded by the rise of  the blood-pressure wave.  It is probable 
that during the period of anaemia, the irritability of the respira- 
tory centre is  so  lowered that it is not  able to  respond to  the 
existing stimulus, nor  probably in  most  cases  to any stimulus, 
no matter how great.  The vasoconstrictor centre is finally stim- 
ulated to activity by the great increase of the stimulus; and the 
blood pressure begins to rise.  If this rise is sufficient, there may 
result a partial removal of vagus inhibition, which aids in elevating 
the  blood  pressure.  As  the  systolic  pressure  rises  above  the 
intraeranial  pressure, more and more blood reaches the respira- 
tory centre.  This has two effects, (i) to improve the responding 
power of the centre by increasing its irritability,  and  (2)  to de- 
crease the stimulus to the centre by supplying more blood to it. 
The latter  effect is  probably not now very  great,  as  the blood 
which  is  supplied  is  very  rich  in  carbon-dioxide  and  poor  in 
oxygen,  as  a  result  of the long apnoea,  and  probably  does  not 
change the tension of these gases surrounding the centre to any 
considerable extent.  The irritability is thus probably increased 
more rapidly than the stimulus is decreased.  The first respira- 
tion  leads  to  a  marked  removal  of  vagus  inhibition,  and  the 
pressure  rises  still  further.  This  rise  of  pressure  supplies  the 
respiratory centre with more blood, its irritability is still further 
raised and it responds with increased activity.  Each respiration 
is  usually  preceded  by  a  slight  fall  of  blood  pressure  which 
slightly increases the stimulus.  Soon the effect of the respiratory 
activity upon the gaseous condition of the blood flowing to the 
respiratory  centre is  felt.  The  blood is no longer loaded  with 
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aerated.  The stimulus arising from this increased supply of well 
aerated  blood  falls  within  the  threshold  of  irritability  of  the 
respiratory centre in its  improved condition, and the increasing 
scale of respiration ceases.  The increased supply of well aerated 
blood to the vasoconstrictor centre also causes it to  relax,  and 
this  relaxation,  with the increased vagus inhibition,  leads to  a 
fall of blood pressure.  This fall leads to  two conditions:  (i)  a 
decrease in  the irritability of  the respiratory centre, and  (2)  an 
increase in the stimulus.  The decrease in irritability is probably 
considerable,  while  the  increase  of  stimulus  is  not  marked, 
because it is  Caused by  a  reduced supply  of blood that  is well 
oxygenated and poor in carbon-dioxide, as a result of the respira- 
tory activity.  The former factor exceeds the latter, and with such 
a fall of the irritability that the stimulus becomes inactive, apncea 
begins.  The  decreasing group  of  respirations  is  an  expression 
of the fact that  although the  stimulus is increasing,  as it must 
under  these  circumstances,  the  irritability  of  the  respiratory 
centre is  being more  rapidly  lowered.  To  explain  the  rise  of 
blood  pressure,  we  assume  that  the irritability  increases more 
rapidly than the stimulus decreases, because the blood is poor in 
oxygen and rich in carbon-dioxide, while with  the fall of blood 
pressure  the  inverse  relations  hold  because  of  the  opposite 
condition  of  the  gases  in  the  blood.  All  the  experimental 
evidence tends  to  show that  the supply of blood, in large part 
independently of its  relative richness in oxygen  and in carbon- 
dioxide,  is  the important  factor  in  deterrmning the  irritability 
of the respiratory centre. 
In the third group of cases, where the beginning of respiratory 
activity precedes slightly the rise of the blood pressure wave, we 
assume that the conditions are more nearly  normal;  the irrita- 
bility of the  respiratory centre, though reduced, is  still  greater 
than that of the vasoconstrictor centre, and the  accumulation of 
carbon-dioxide and decrease of oxygen will stimulate the former 
first.  The  greatly  increased  stimulus  arising  from  the  great 
increase in carbon-dioxide and decrease in oxygen in the reduced 
blood supply to the respiratory centre finally becomes sufficient to 
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at first very feebly.  The first one or two respirations have little 
effect upon the stimulus to the vasoconstrictor centre because of 
its  greatly reduced blood supply.  It soon becomes stimulated to 
activity.  If a rise  of Mood pressure did  not  occur, the  respira- 
tions  would  soon  cease, owing to  the  slight  reduction  of  the 
stimulus to the respiratory centre as the result of the aeration of 
its  diminished blood  supply  and  the absence of  any condition 
which would tend to raise its irritability.  The first  respiration 
usually  raises  slightly  the  blood  pressure  in  consequence  of 
the partial removal of vagus inhibition, but this rise of pressure 
is  usually not marked, owing probably to  the small  size  of the 
respiration,  and  to the fact that one factor which favors removal 
of vagus inhibition, namely, the occurrence of a supply of aerated 
blood, is under the circumstances very insignificant.  If the first 
respiration is  large, and the anaemia not very marked, the rise of 
pressure may be greater.  With  the  rise of  the  blood  pressure 
consequent upon vasoeonstrietor stimulation,  the further course 
is  similar  to  that in  the  first  group  of  eases.  In  the  third 
group  of  cases  there  are  relatively  short  periods  of  apncea 
and  relatively  long  periods  of  respiratory  activity.  The 
blood pressure  does not  as a  rule fall  to  such an  extent during 
the periods of apnoea as in  the first  group,  and the  periods  of 
apncea  are  probably never  associated  with  absolute  anaemia. 
The inverse relations hold in the first group  described. 
In the second group of cases, the rise of pressure and beginning 
of  respiratory  activity  are  coincident.  The  condition  of  the 
eentres and the changes of blood pressure and respiration are to 
be  regarded here as  midway between those present in  the first 
group and those present in the third group.  The irritability of 
the respiratory centre has been reduced to a  point equal to that 
of  the  vasoconstrictor centre.  The  changes  which  occur after 
beginning of respiratory aetivity are identical with those in the 
other two groups of cases. 
Corresponding with variations of the blood-pressure wave, the 
groups  of  respirations  may  assume  various  forms  besides  the 
typical one described above.  As already noted,  these  atypical 
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rapid sudden preliminary rise of blood pressure, the blood supply 
to the respiratory centre is rapidly increased,  and the resultant 
increase of irritability of the respiratory centre may be sufficient 
to enable it to give a large first response.  This may be sufficient 
to relieve the stimulus to the vasomotor centre,  so that a  rapid 
fall then commences, and thus a decreasing group results.  If the 
pressure continues to rise,  the succeeding respirations will prob- 
ably be larger.  If the fall occurs more slowly, because the slightly 
increased stimulus resulting from the fall is not exceeded by the 
depression  of  the  irritability  of  the  centre,  a  group  of  equal 
respirations may  result,  the  respiratory  activity  being  finally 
terminated by a more sudden fall.  In the experimental cases, the 
fall of blood pressure following the last respiration of such a group 
is very sudden and great,  usually dropping almost immediately 
to some distance below the line of intracranial tension.  A sudden 
fall of pressure occurring at the height of a  gradually increasing 
group may terminate the respiratory activity at once and prevent 
the descending phase.  The cause of such a fall of blood pressure 
is evidently the decrease in the stimulus to below the threshold 
of irritability of the vasoconstrictor centre.  The irritability of 
this centre is dependent both on the supply of blood to the centre 
and  on  the  preceding respiratory  activity;  the  latter  probably 
determines  in  large  part  whether  the  fall  of  pressure  occurs 
slowly or more rapidly. 
CONCLUSIONS. 
In addition to the results brought out in the separate 'sections 
I  wish to direct especial attention to the following conclusions: 
(i)  In  ten  cases  of Cheyne-Stokes respiration  observed clin- 
ically,  the  alternate  periods of respiratory activity and  apnoea 
were  associa~/ed  with  Traube-Hering  waves  of  blood  pressure. 
These  cases  may  be  separated  into  two  groups  characterized 
by  the  relation  of  the  respiratory  changes  to  the  changes  of 
blood pressure.  In one group the period of respiratory activity 
was associated with a  rise of blood pressure, the period of apnoea 
with  a  fall;  in  the  other  group,  the  reverse  relations  existed. 
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occurring  with  increased intracranial  tension;  the  latter  con- 
tained eight cases  with cardiac  and  arterial  disease. 
(2)  By  means  of  cerebral  compression,  periodic  respirations 
may  be produced experimentally, and the relation of the blood 
pressure  changes to  the respiratory variations  are  the same  as 
in the clinical cases with increased intracranial tension, namely, 
a  rise of pressure with each group of respirations and a fall with 
each period of apnoea.  In the experiments, during each respira- 
tory group, the blood pressure rises above the line of intracranial 
tension  and with each period of apncea it falls below this  line. 
With  the disappearance  of this relation,  the  periodicity of the 
respirations  likewise disappears.  It is  probable that  the  same 
relation  between  the  blood  pressure  and  intracranial  pressure 
exists  when  Cheyne-Stokes  respiration  occurs  clinically  in 
association with increased intracranial tension. 
(3)  Disappearance  of the periodic respiratory  activity in  the 
clinical  cases  of both  groups is  accompanied by  disappearance 
of the waves of blood pressure. 
(4)  The  waves  of  blood  pressure  cannot  be  regarded  as  a 
mechanical  effect  of  the  periodic  respiratory  activity;  on  the 
contrary the latter must be due to the changes of blood pressure, 
or both phenomena may be referable to a  common cause. 
(5)  Cheyne-Stokes  respiration  in  states  of  increased  intra- 
cranial  tension,  with  blood pressure  waves  rising  and  failing 
above and below the line of intracranial tension, is due to periodic 
activity  of  the  respiratory,  vasomotor,  and  cardio-inhibitory 
centres, the underlying cause of which is an alternate anmmia and 
blood supply to the medullary  centres.  The vasomotor centre, 
as  the result of  periodic increase  and  decrease of the stimulus, 
shows  periodic  variations  in  its  activity.  It  is  stimulated  to 
greater  activity  during  the  periods  of  anmmia,  and  partially 
relaxes with each  period  of  blood  supply.  During the periods 
of  anaemia,  the  respiratory  centre  loses  its  irritability  for  the 
acting stimulus, and is therefore apnceic.  It is finally stimulated 
to activity, either as a result of an increase in its irritability from 
a  preceding rise of blood pressure,  or  from  a  great  increase in 
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ulated by the periods of anaemia.  This stimulation causes slowing 
of the  pulse,  which  passes off to a  considerable extent with the 
following period of blood supply. 
(6)  Cheyne-Stokes  respiration  has  heretofore  been  regarded 
as  always the manifestation of the  same conditions and capable 
of the same explanation ; the results of this work, on the contrary, 
show that two  distinct  groups of  cases  may  be  recognized, de- 
pending upon the  relation  of the  blood pressure changes to the 
periodic respiratory activity. 19 
(7)  The  medullary  centres  show  great  differences  in  their 
susceptibility to anmmia.  The respiratory centre is very suscep- 
tible to a  much reduced blood supply; its irritability is rapidly 
reduced  or  lost  upon  the  occurrence  of  marked  or  complete 
anaemia, and is rapidly regained when the blood supply is renewed 
if the anaemia has not been maintained too long.  The effect of a 
considerable anmrnia upon this centre is entirely  different from 
that of a  normal or somewhat reduced supply of blood which is 
more venous than normal, that is, contains more carbon dioxide 
and  less  oxygen,  such  as  occurs  with  ordinary asphyxia.  The 
vasomotor  and  cardio-inhibitory  centres  are  not  nearly  so 
susceptible to anaemia.  The former centre may, and frequently 
does, respond when in a  condition of complete anmmia. 
(8)  I  am able to confirm, as a  result of my experiments upon 
cerebral  compression, in  all  essential  details  the  conclusions of 
Cushing,  and  the  general law formulated by  him,  namely that 
"an  increase  of  intracranial  tension  occasions  a  rise  of blood 
pressure which tends to find a  level slightly above that  of the 
pressure exerted against the medulla." 
The author desires to express his indebtedness to Prof. W. H. 
19It is interesting to note in this connection that Mosso, in a recent publication 
of tracings  obtained  in  periodic  respiration  occurring  in  normal  men  at  high 
altitudes  ("Fisiologia dell' uomo sul!e  Alpi,"  Figs.  3i  and  3 2,  and  "La  rasp. 
period, telle  qu' elle  se  produit  chez  1'  homme  sur  les  Alpes  par  1' effet  de 
t' acapnie,"  Archly.  ital.  de biol.,  i9o5,  xliii, Fig.  2i),  has  depicted what  con- 
stitutes apparently a third group.  Under these circumstances, the rise of blood 
pressure  which occurs with each respiratory group  is accompanied by slowing 
of the pulse.  This form of periodic respiration  differs therefore from both  of 
the groups  described by me. 612  Observations upon C]teyne-Sto#es Respiration 
Howell,  under  whose  direction the  work  was  performed,  for 
invaluable  aid  and  criticism,  and  to  Dr.  Harvey  Cushing  for 
suggestions and assistance.  His thanks are also due to the other 
members of the Physiological Department and of the staff of the 
Johns Hopkins Hospital for assistance and clinical facilities. 
EXPLANATION  OF  PLATES  XXXI-XL. 
Tracings  I,  2,  and 3-  Periodie respiration in a  dog as the result of an increase 
in the intraeranial tension.  The arrangement of the curves is explained in the 
text. 
Tracing 4.  Periodic respiration in a  dog as the result of an increase in the 
intracranial tension after the section of one vagus.  See text. 
Tracing  5.  Periodic respiration in a  dog as the result of an increase in the 
intraeranial tension after section of both vagi.  The arrangement is the same 
as in Tracing 4  (see text) except that the base line is not shown. 
Tracings 6-I i.  Records from a  clinical case of periodic respiration occurring 
in  association with increased intraeranial tension.  See explar/ation of curves 
in the text. 
Tracing i2.  Blood  pressure  tracing  obtained  from  the  same  case  as  the 
preceding records, at a  time when periodic respiration was not present. 
Tracings z  3 and 14.  Similar tracings from a  second clinical case  of periodic 
respiration occurring in  association with increased intracranial tension. 
Tracing  i5.  Record of death of a  dog from a  great increase in intracranial 
tension.  The uppermost line records  the time in two-second intervals.  The 
second curve is the respiratory record, the down stroke representing inspiration. 
The  intraeranial pressure is represented by the line that is raised from zero in 
the first part of the record.  The lowermost line is the base line for both the 
intracranial and blood pressures.  The blood pressure was obtained from the 
carotid artery.  This and subsequent records read from left to right. 
Tracing 16.  Shows  the  return  of  natural  respiration  after  lowering  the 
intracranial pressure to  zero in  an  experiment in which the increase of intra- 
cranial pressure was not followed by  increase in blood pressure.  The arrange- 
ment of the curves is the same as in the last tracing.  The  nine  deep excursions 
of the respiratory pen toward the end of the curve represent natural respiration, 
the smaller excursions are artificial respirations. 
Tracing 17.  Ligation of cerebral arteries in a  dog.  The uppermost curve is 
the respiratory tracing; the down strokes representing inspiration.  The second 
is the blood pressure from the carotid artery.  The third line is the base line, 
the fourth the time in two-second intervals.  See text. 
Tracings z8 and 19.  Ligation  of  cerebral  arteries in  a  rabbit.  The  upper 
line  is  the  respiratory  tracing,  the  upstroke  representing inspiration.  The 
lower line is the blood pressure from the carotid artery.  The two vertebrals 
and  one  carotid were ligated,  and  the  other carotid alternately clamped and 
released.  The occlusion of the artery is associated with a rise in blood pressure, 
its  release with  a  fall.  In  Tracing  z  9  the  release  of the  artery  is  noted by 
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Tracing 20.  A  single  respiration  taken  during  a  group  of  respirations  in 
periodic  respiration  produced  experimentally  by  an  increase  in  intracranial 
tension.  The  lowermost  line  is  the  base  line,  the  second  the  intraeranial 
pressure, and the third the blood pressure.  The time is in one-second intervals. 
Tracings 2z and 22.  Records from clinical eases of periodic respiration occur- 
ring in association with cardiac  and arterial disease.  The arrangement of the 
curves and the interpretation of the records  is the same  as  in Tracings  6-z z. 
Tracing 23.  Similar records  taken  during the  graduat  decrease  in periodic 
respiration in a  patient.  Tracing "B"  was taken 75 minutes, and "C"  3 hours 
after "A." 
Tracing  24.  A  similar tracing from a  normal subject who breathed period- 
ically  and  endeavored  to  simulate  Cheyne-Stokes  respiration. 